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CaldH  Sandstone'  Fife 


Portlandian. 


Calcif.  Sandstone 
Portlandian...... 


Bucks   

Portland  Aw. 

Bucks   

Fife   

r  Portland  .... 
\Swindoo  .... 


Ammonites  psendonxas  

'^^'^  i^fDoalttB,   Pi.  X.  7 

Nautilus  planotergatus   

Ortboceras  cyUndiaceum  


Calc.  Sandstone..  Fife 


583 
229 
229 

584 

229 
229 
230 
585 
230 
230 


228 
228 

583 


VxATnBBATA. 


(PIWM.) 


Ctrngnaeanihtu  major  

•  trianffutaris   

Orthacanikut  diiatatm  

Pkmnetmtlim  ab^wM,   PI.  xii.  f.  4... 
altfmirientahu,   PL  xii.  f.  8.. 

•  cjfUndrieu9  

 dmHenlmhu.  FLxiLf:7  

-  trtetxu  

— —  Icrissimus  

— pmMtUut.   n.  xii.  f.  2.  

•  robutlut  

 ttnuii.   PI.  xii.  f.  2   

 Wardi,  PLxiLf.6  

P^tnodma  pmgoda.  Pl.x.f.  10  

▼OX.  XZXVI. 


Coal-measarei... 


Portlandian  Upwaf 


Yofksluro. 


62 
b2 
64 
329 
•328 
331 
334 
326 
325 
327 
330 
327 
334 
228 
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Name  of  Species. 


Formation. 


Locality.      I  Page* 


VkRTUBATA  (cOHttRIMtf). 


Cliorhizodon  ormhurgmxis   

Jchthyosaurut  Zeilandicut.  Pi.  xxv. 
Ifftuaitdm  PMMdUi.  Pb.  zviii.-  \ 

Omitbop«is.   Fla.  iii.  6l  iv  

Ptaijfpoiottmnu  fofattaf.  Pb.  xtI.  1 

4  xvii  I 

Piephophonis  polygonua.  PLxv... 

PI.  siiT... 


Upper  Pennian .. 
Lias  


Kimmeridge 
Wcalden  ..... 
Triaa   , 


Tertiary   

Stonesfield  Slate 
Uit  


S.E.  Russia 

Whitby   

Oxfordshire.. 
L  of  Wight .. 
South  Africa 


Austria.. 
Kiueton 
Whitby 


540 

635 

433 

31 

414 

406 
27 
627 


Axgilloniii  longipenoia.    PL  u          ILondon  Claj  ...jSheppcjr  .!  |  25 


Canit  eurv^Uiut  

Canis  ap.  

Felis  sp  ,  

hyaena  thalmtia  ,  

 felina  

Lutra  palaciiidica   

Maeluerodua  palmmUeut, 

1 1-4  

•  .sivalensis.  Fl.vi.f.5 

Yiverra  Bakeri  


(JfamuMfif.) 


PI. 


VI. 


Tertiary 


SiviUka 


134 
135 
127 
128 
130 
133 

125 
122 
131 


EXPLANATION  OF  THE  PLATES. 


Pun  Pa« 

(  Ihclubiors  15  GiAsriTE,  to  illtutnte  Mr.  John  A.  FhilliiM^t 

L  *     paper  on  Concretionary  patches  and  fngments  of  other 
[    rockB  contained  in  Granite    1 

J  SKtTLi.  or  Argillobkis  lohoipekris,  to  illustrate  Prof.  Owen'* 
p«per  oa  that  Bird    23 

ni.  r  Yeetebilc  of  ORxiTiioptii,  to  illiMtrate  Mr.  J.  W.  BxSk^9 
IY.\   paper  on  that  genu«  •••.•....••••••..*   81 

y  |BBRini  8iooin>iKT  Oomati      to  fflnilnto  Mr.  P.  H.  Cu' 


Baomm  bitwmii  Soowcb  Foimv  axd  nm  Kmsat,  las  or 

TII.{    WiGOT.  to  illustmt«i  Prof.  Judd'tp^MTon  the  Oligowne 

the  Hampshire  Btmn   •   137 


pentei^t  paper  on  thoae  foinli   86 

wrj  /Fossil  GAuiiyoKA  rwM  to  Snrius  Hnu^  to  iUnitaato 
^^1    Me.P.]I.B(M^tptp«r  119 

f  GtoorioM  BiTwi 

<       WlODT,  to  il 

[    Strato  of  th« 

VTTT   J  CoMPARATnni  SECTIONS  OF  THR  PoBTLAXD  BoCKS  OF  ENGLAND, 

{    to  iUuainito  the  Ber.  J.  F.  £kWe peper  oa  that  sutgcot..  180 

ULJVowntm  Vomtu,  to  iUiulnte  die  Ber.  J.  F.  BUBoPe 
X.^.   dBeariptioM   238 

■y*  r  SRines  tTppiB  SiLvuAir  FkncevBLLisA,  to  illastnite  Mr.  O. 
'^X    W.Shittbeole'i  paper  on  thoMfoMili   241 


YTT  i           OF  pLKURACAifTiius,  to  illustrate  Mr.  J.  W.  Daria's 
^1    peper  oDthoeefoaUe   821 

-rrn  i  Cuumopoka  MBOAsroMA,  to  illustrate  Mr.  Ot.  B.  Vine's  paper 
•"**-\    ontbeDieetoporidn....:  8M 

{Fossil  Annelid- jaws,  to  illustrate  Mr.  Q.  J.  Hinde's  paper 
on  AimeUd-jawe  from  the  Wenlodk  end  Ludlow  rar- 
"••tio"  868 

rPfirHonioBini  roLTOomw,  to  illttetmto  Prof.  Seelev's  paper 
^^'X   oathatfoMil  406 
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Flaw  P«ni 

XVI.  '  PLATYrono^AiTKCH  uavonvMp  to  illuiifcrato  Prof.  Oiraa's  pftper 
XVII.  i    on  that  Beptib  4U 


XVIIT. 
.  XIX. 
XX- 


la  vAiroDox  FRnrwicmi.  to  illustnto  Ifr.  J.  W.  HnUn's  p»per 
on  tlMt  spaoM   48S 


/              SKCTIOX0  illustrating  Mr.  S.  V.  Wood,  jun.'s  paper 
\    on  the  Neww  Pliooene  Period  hi  Bngland  ...v  457 

[FiJNT  KLAKK8  iMHEDDED  IS  Sa.hi>,  to  iUugtrato  Mr.  F.  C.  J. 
Spurrell's  pnper  on  the  plaoe  where  flint  implemeDti  were 
made  at  Orajibid  M 

vvTTT  rOtiTAOiovs  CoKATi'LJi,  to  illiMtrato  Mr.  P.  H;  Oarpeotef^a 

paper  on  thoMfoasila   649 

YYTv  /Crami'm  op  Tkaohaurus  momialus,  to  illuafcrato  Prof. 
■^^^  t    Sede/a  paper  on  that  ^edes  687 

— 1  Skcll  op  IciiTriTOSAURrs  Zr.TLAimiovi,  to  illnatrato  Prof. 

\    Seeley'e  paper  on  that  species    635 

-.'-|..  I  Glacial  Ciiauts  of  the  OitKXF.Y  Tslanps  and  Xohtm  Ska.  to 
J^p^X^'  \    illustrate  Messrs.  Peach  and  Home's  paper  on  the  Giacia- 

I   tionoftheOrkn^Idaoda.  648 


BBAAIA  EI  OOBBIGENDA. 

Page  79,  line  24,  for  flints  beootning  read  flints  elsewhere  beooming. 

348,  note, /f'T  mcnalitc  read  iuol;init<?. 
Plate  XX.  fig.  2,  the  lines  from  the  letters  "ng"  should  run  to  the  smooth 
instead  of  to  die  brolnn  surfiMea. 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


SESSION  1879-80. 


Norember  5, 1879. 

He5bt  Clifton  Sorbt,  Esq.,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

Henry  Bnicc  Armstrong,  Esq.,  25  SaviUe  Bow,  was  elected  a 
Fellow  of  the  Society. 

The  List  of  Donations  to  the  libraiy  was  lead. 

The  following  coiuniimications  were  read  :— - 

1.  "On  the  probable  Temperature  of  the  Primoidial  Ocean  of  OUT 
Globe."   By  Bobert  Mallet,  Esq.,  F.B.S.,  f  .0.8. 

2.  **0n  the  Fish-remains  {band  in  the  Gannel  Goal  in  the  ICddle 
CoaUmeasures  of  the  West  Biding  of  Yorkshire,  with  the  Description 
of  some  new  Species."  By  James  W.  Dstib,  Baq.,  F,QtJ&^  Ac 

3.  On  the  Skull  of  Ar<filloniis  longipmniSf  Owen."  By  Prof, 
B.  Owm,  G.B.,  FJtjS.,  F.6!s.,  &c 


November  19,  1879. 
Himr  Curxoir  Sobbt,  Esq.,  LU).,  F.B.S.,  Fresident,  in  the  Chair. 

Edmnnd  Knowles  Binns,  Esq.,  216  Hea^Tgate  Boad,  ShefBeld; 
and  John  Dawson,  Esq.,  11  Somerset  Place,  Batii,  were  elected 
Fellowi  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  oommnnioations  were  read : — 

1.  Supplementary  Note  on  the  Yertebm  of  Omiihcpsis,  Seeley 
(^EueamiroiM,  Hnlke)."  By  J.  W.  Hnlke,  Esq.,  F.B.S.,  F.G.8. 

TOL.  XZZTI.  a 
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2.  "  On  tlio  Concrctionnry  Patches  and  Frapncnts  of  other  Rocks 
sometimes  coutuincd  in  Granite.''  By  J.  Arthur  Phillips,  Es^., 
F.G-S. 

^8.  *'  Certain  Ooolop^cal  Facts  "vritneased  in  Natal  and  the  Border 
Countries  during  nineteen  years'  residence."  By  the  llev.  George 
Biencowe.   Commuiicated  by  the  Bev.  H.  Griffith,  F.G.S. 


Beoomber  8,1879. 
Hannr  CuPTOir  Sobbt,  Esq.,LL.D.,  F.E..S.,  Freeident,  in  the  CShair. 

Syed  Ali,  Esq.,  B.A.,  Hyderabad,  Dcccan,  India;  Wynne  Edwin 
Baxter,  Esq.,  208  High  Street,  Tjowes,  Sussex ;  Arthur  Robert 
Boyle,  Esq.,  Engineers*  Office,  Lime-Street  Station,  Liverpool; 
Be7.  Jobn  Lowry  Garriok,  M.A.,  Spring  Hill,  Southampton ;  FMf. 
Edward  Waller  Cla}'pde,  Antioch  College,  Yellow  Springs,  Ohio, 
U.S.A.;  Rev.  T.  Dowen,  Xcwlands  Terrace,  Beetle,  liverpool; 
Rowland  Gascoyne,  Esq.,  Mexlwrouprh,  near  Rothcrham,  Yorkshire; 
George  M.  Henty,  Esq.,  (leorgetown,  Colorado,  U.S.A.;  John  Mar- 
shall, Esq.,  F.R.A.S.,  Albion  Place,  Leeds;  Josiah  Martin,  Esq., 
Three-Kings  College,  Auckland,  New  Zealand ;  Charles  Maxted,  Esq., 
Pnmdenoe  Cottage,  Well  Boad,  Hampstead,  N.W. ;  Edward  Froris, 
Esq.,  M.  A.,  Worcester  Street,  Bromsgrove  ;  Thomas  William  Rumble, 
Esq.,  The  Cottage,  East  Hill,  Wandsworth,  S.W. ;  Rev.  John  Reuben 
Taft,  St.  George's,  Wolverhampton ;  Octavius  Albert  Shrubsole,  Esq., 
Reading;  Samuel  Richard  Smyth,  Esq.,  .3  lilenheim  Terrace,  Old 
Tra£ford|  Manche^iter ;  and  William  Nuish  Walter,  Esq.,  Hillpark 
Teirace,  Newport,  Fife,  were  eleetod  PctUowa  of  the  Sodefy. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  oommmiioations  were  read 

1.  "Tho  Gneissic  and  Granitoid  Rocks  of  Anglesey  and  the 
Ualrem  Hills.*'  By  C.  CaUaway,  M.A.,  D.Sc.,  F.G.S.';  with  an 
Appendix  on  the  IKcroaoomo  Stnictore  of  some  of  the  Bocks,  by 
Vrtd,  T.  G.  Bcainey,  MX,  F.B.S.,  Sec.  6.8. 

[  Abstnot 

The  author  described  the  results  of  his  investigations  into  the 
Bfaratigraphy  and  petrology  of  the  above  distficts,  whidi  have  led 
him  to  tiie  following  condnaons: — (1)  The  granitoid  (Dimetian) 
xoeks  of  Anglesey  pa.'^s  down  into  an  anticlinal  of  dark  gneiss  (above) 
and  grey  gnei?s  (below).  (  L^)  Associated  with  the  granitoid  series 
are  bands  of  felsite,  hiilkflintns,  and  felspathio  hrrorins.  Tlio 
succession  of  gneissic  and  granitoid  rocks  in  Angkt^ey  rcwmbb  B  so 
closely  the  metamoq)hic  series  of  Malvern  aa  to  justify  the  correla- 
tion    the  two  groups.   (3)  Tlie  He*€anibriaa  rocki  of  Anglesey 

*  This  paper  has  been  withdrawn. 
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•ad  the  Malvorns,  from  the  highest  known  member  down  to  the 
base  of  the  gneiss,  may  be  tbm  olaarified: — A.  Pebidian  (to  be  de- 
Miibed  hereafter);  B.  MiaTenilan— (a)  Dimetian,  with  aawMlated 
quartz-fabitaa  and  hliUeflintaB  (Arrooiaa),  paanng  down  into  (6) 
Lewuian. 

DuuuBBioir. 

Br.  Hjoks  ttatod  that  he  had  always  considered  the  homblendic 
eeriei  as  part  of  the  Dimetiaii  aeries,  and  had  ao  marked  it  in  his 

map,  so  that  he  did  not  think  this  paper  touched  his  work.   He  had 

thought  that  Dr.  Callaway  was  going  to  place  most  of  the  schist  of 
Anglesey  below  the  above  scries,  but  that  he  did  not  find  stated  in 
the  paper.  He  had  for  a  long  time  believed  that  the  MalTom  scries 
could  be  correlated  with  some  of  the  Anglesey  rocks.  He  had  long 
ainoe  examined  that  aeiiea.  He  described  some  sections  exhibited 
in  the  Malvern  hiUsy  and  eipiessed  his  disagreement  with  the 
author's  views. 

Mr.  IluTLEY  asked  whether  granitoidite  was  an  arkoso  or  not. 

Prof.  Duncan  asked  what  the  last  speaker  would  call  the  rock. 
He  said  that  Dr.  Holl  might  claim  priority  in  the  character  of  the 
Malvern  rocks.  He  asked  whether  felspar  similar  to  that  found  in 
the  Malvem  rooks  had  been  foond  in  Anglesey.  He  thought  it  was 
dUBcult  to  distingnish  rocks  by  their  mineralogioal  eharactets. 

Mr.  RuTLBY,  in  answer  to  Dr.  Duncan,  stated  that  he  had  not 
examined  the  rock,  but  that  the  desoiiption  would  lead  him  to 
regard  it  as  arkose. 

Prof.  BoKifirr  explained  the  sense  iu  which  he  had  suggested  the 
term  granitoidite,  and  said  that  he  oould  not  agree  with  Dr.  Hicks 
in  hia  reading  of  the  Malveni  hills. 

Prot  HuGii>:s  asked  whether  Br.  Callaway  had  made  ont  the 
relation  of  the  schists  near  Craig  jr  allor,  indicated  on  his  gromid 
plan,  to  those  shown  in  his  section,  in  which  schists  were  repre- 
sented as  faulted  against  the  rocks  of  the  central  axis. 

The  Pkksidknt,  in  calling  on  Dr.  Callaway  to  reply,  stated  that 
he  thought  great  eanHoB  was  needed  in  identifying  rocks  far  apart 
by  their  mineral  oharacter. 

Dr.  Callawat  said  he  did  not  attach  so  much  valne  to  minera- 
logical  character  as  to  succession.  He  had  avoided  some  of  the 
larger  questions  because  he  wished  to  proceed  with  caution,  and  so 
mentioned  tirst  those  which  he  was  most  sure  about.  lie  main- 
tained that  the  gneiss  rocks  which  he  had  described  were  quite 
distinet  from  the  Dimetian,  were  of  greater  antiquity,  and  were 
developed  in  the  Kenai  anticlinal  as  well  as  in  the  central  *'axis.'' 
He  had  fully  accorded  priority  to  Dr.  Holl  in  the  character  of  the 
Malvern  series.  Prof.  Huglies  had  missed  his  chief  point,  that  at 
Craig  yr  allor  the  schists  were  not  halted  against  the  granitoid 
rock,  but  passed  up  into  it. 

2.  **Pefciologieal  Notes  on  the  Neighboorliood  ol  Loch  Maree." 
Bj  Prof.  T.  G.  Sonney,  3LA.,  EJUS.,  fieo.  G.8. 
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3.  "  On  some  nndoRcrihed  Comatulae  from  the  Brifcish  Seconrlary 
Bocks."  By  f .  Herbert  Carpenter,  M.A.,  Aflsistaiit  Master  at  Etoa 
College. 


December  17,  1879. 

HmrsT  Cioiioir  Sobbt,  Esq.,  LLB.,  F.B.S.>  Pi«Bid«iii,  in  tho  Chair. 

James  Booth,  Esq.,  The  Granf^o,  Ovenden,  Halifax ;  P.  N.  Bose, 
Esq.,  B.Sc,  35  Colvillo  Square,  W. ;  Edgar  S.  Cobbold,  Esq.,  Chase- 
wood  Lodge,  Boss,  Herefordshire ;  D.  M.  Ford  Gaskin,  Esq.,  Town 
HaQ,  St  Helens,  LaneaBhire;  John  Farran  Penrose,  Esq.,  Park- 
henver,  Redruth,  Cornwall;  St([)lieii  Seal,  Esq.,  Coxlxiuh  Tlouae, 
Barfield,  near  Bamsley  ;  Thomas  Tate,  Esq.,  Rushton  Villas,  Thorn- 
bury,  Bradford,  Yorkshire  ;  and  Richard  Taylor,  Esq.,  Maiske-by* 
the-Sea,  were  elected  fellows  of  the  bociety. 

•  Thelistof  Donations  to  the  library  was  read. 

Hie  following  oommunications  were  read: — 

1.  "A  Coniaihatibii  to  the  Physical  History  of  the  Gretaoeona 
Flints."  By  Surgeon-Kigor  G.  0.  Wallioh,  M.D.  Commnnieated 
by  the  President. 

2.  Undescribed  Fossil  Camivora  from  the  Sivalik  Hills,  in  the 
CkiUection  of  the  British  Hnsemn."  By  P.  K.  Bose,  Esq.,  B.8o. 
Comnumioated  by  Prot  J.  W.  Jndd,  F.B.S.,  8eo.G.S. 


January  7, 1880. 

Hdibt  Gliftok  Sobbt,  Esq.,  LL.D.,  FJLS.,  President,  in  the  Chair. 

Edward  Bagnall  Poulton,  Esq.,  Jesus  College,  Oxford,  was  elected 
a  Fellow :  and  Prof.  A.  E.  Nordenskiold,  Stockholm,  aud  Prot  F. 
Zirkel,  I^ipzig,  Foreign  Members  of  the  Boeiety. 

The  last  of  Donations  to  the  library  was  read. 

The  following  oommunications  were  read: — 

1.  "On  the  Portland  Bocks  of  England."  By  the  Bev.  J.  F. 
Blake,  M.A.,  F.G.S. 

2.  "  On  the  Correlation  of  the  Drift-deposits  of  the  X.W.  of 
England  with  those  of  the  Midland  and  Eastern  Counties."  By 
D.  Mackintosh,  Esq.,  F.a.9. 
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Jairaaiy  21, 1880« 
Hmr  Cumnr  Sobbt,  Esq.,  LL.D.,  F.BiL,  FtMideiit,  in  the  Chair. 

Robert  Bell,  Esq.,  20  Ikirghley  Boad,  Highgate  Boad,  K.,  was 
elected  &  Fellow  ol  the  Society. 

The  List  of  Donatioiifl  to  the  LibEaiy  was  xead. 

The  President  announced  that  an  application  had  been  made  to 
the  Council  by  the  President  of  the  Philological  iSociety  for  assistance 
in  perfecting  an  English  Dictionary,  in  which  it  is  proposed  to 
show  the  history  of  the  various  words.  With  r^ard  to  geological 
and  mineralogioal  tenns  he  was  eapedaUy  anzioiiB  to  obtcdn  assiat- 
ance  in  ascertaining  their  earliest  empbyment.  FeUows  of  the 
Sociefy  who  were  willing  to  cooperate  in  this  work  could  conunQ' 
nicate  with  the  President  of  the  Philological  Society  (Dr.  MnzZEy, 
]£iU  Hill,  Middleaez,  K.W.). 

The  following  commmiicationa  were  read : — 

1.  "On  the  Genus  Pkuracanthns,  Agass.,  including  tlie  Genera 
OrtluicanthuSf  Agass.  &  Goldf.,  D^tlodm^  Agass.,  and  XenaaiHthiis, 
Beyr."  By  J.  W.  Davia,  Esq.,  F.a.S. 

2.  "  On  the  Schiatose  Volcanic  Rocks  occurring  on  the  west  of 
Dartmoor,  with  some  I^otes  on  the  Structure  of  the  Brent-Tor 
Volcano."   By  Frank  iiuUey,  Esq.,  Jb\G.S. 

8.  **0n  Vammallan  KemainB  and  Tree^mnks  in  Qnatemary 
Saada  at  Beading."*  By  £.  B.  Poulton,  Esq.,  F.6J3. 

The  following  spedmens  were  exhibited:— 

>ficroscopic  sections  and  a  specimen  of  Schalstein  fh>m  Nassau, 
exhibited  by  John  Arthur  Phillips,  Esq.,  F.G.S. 

Artificially  formed  tSiliceoQS  Stalactitee  and  Concretions,  exhibited 
by  E.  A.  Panklmrst,  Esq. 

Cape  Diamonds  and  specimens  of  Mr.  Mactear  s  artihcial  crystals, 
exhibited  by  Prof.  Tennant,  F.GJ9. 

A  specimen  from  Brent  ffill,  exhibited  by  W.  G.  Thorpe,  Esq., 

Specimens  in  illustration  of  their  respective  papers,  exhibited  by 
Messrs.  J.  W.  Dayis,  f .  Bntley,  and  £.  B.  PooUon. 


Febroary  4, 1880. 
Hubt  Cunov  Sobbt,  Esq.,  LL.D.,  f  .B.S.,  President,  in  the  Chair. 
Prands  Boud,  Esq.,  M.A.,  Snowdon  House,  John  Street,  Hamp- 
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stead,  N.W. ;  Charles  Herbert  Cobbold,  Esq.,  San  Valentino,  Abruzzo 
Citeriore,  Italy ;  Frank  Crisp.  Esq.,  LL.B.,  B.Sc,  F.L.8.,  5  Lansdowne 
Boad,  Not^  Hill,  W. ;  William  Henry  Dovor,  Esq.,  Myrtle  Gme, 
XmwUk ;  ifina  Kebdj  Khan,  Ghndder  Ghaut,  Hyderabad,  DoocaDy 
India;  Jobn  Notman,  Esq.,  Parliament  Buildings,  Toronto,  Ontario; 
and  John  Evelyn  \yilliamB,  Esq.,  CJB«,  Boston,  LboolnBhize,  were 
elected  <Feilow8  of  the  Society. 

The  List  of  Donations  to  the  Library  was  road. 

A  series  of  Geyserites  were  presented  to  the  Musenm  by  Dr.  F.  V. 
Hayden,  F.M.G.S.  ;  and  casts  of  the  Thrco-tocd  Footprints  from  the 
Triassic  Conglomerate  of  South  Wales  were  presented  by  W.  J*  SoUas, 
Esq.,  F.G.S. 

The  President  aunoiinoed  that,  aMOtding  to  a  circular,  copies  of 
which  had  been  sent  to  the  8ociety,  oertain  old  stadents  of  Freiberg 

were  endeavouring  to  collect  the  means  for  erecting  a  monument 
in  Freiberg  to  the  memory  of  the  late  Prof,  liernhard  von  Cotta, 
and,  further,  of  establishing  a  Fund  for  the  assistance  of  needy 
students  at  the  Mining  Academy  of  that  place. 

The  fbUowing  oommunioation  was  read  t— 

On  the  Oligocene  Strata  of  the  Hampshire  Basin.'*  By  Prof. 
John  W.  Judd,  F.Bi}.,  8ec.U.S. 


Digitized  by  Google 


ANNUAL  ^MUrSBAL  MBETXN0, 


Febnuury  20, 1880. 


HnrBt  Ounoir  Sobbt^  Eiq.,  LLJO.,  PJU3»,  Vt&iAaak,  In  the  diak. 


Bmna  0v  xbb  Oovxcil  mb  1879. 

Xir  ptMitiiig  tii^  B«p«rt  for  the  jrear  1870,  tiie  Ooimoil  of  the 
(feologkal  Societj  regnt  that,  probably  owing  mainly  to  the  con- 
tinaance  of  that  commercial  depression  to  which  they  advertod  in 
their  last  Report,  they  have  to  announoo  to  the  Fellows  that  the 
Society  has  not  regained  that  mateiial  prosperity  which  it  eiyoyed 
during  seyeral  preceding  years. 

The  number  of  new  fdlows  elected  daring  the  year  k  tiie  HUiie 
ao  in  1878,  namtiy  65,  of  whom,  however,  only  40  pcdd  their  Ibes 
before  the  end  of  the  year,  making,  with  5  previously  elected  FellowB 
who  paid  their  fees  in  1879,  a  total  accession  during  the  year  of  only 
45  Fellows.  On  the  other  hand  wo  have  the  loss  by  death  of  29, 
and  by  resignation  of  15  Fellows,  whilst  3  Fellows  were  removed 
from  the  list  for  non-payment  of  contributions,  making  a  total  loss 
of  47  Follows.  Ums,  on  the  year,  there  is  an  actual  decrease  of 
SFeUowB.  Bat  aB,of  tfao£9Fe]iowsdeeM8ed,6weieooiiipoand««^ 
and  14  non-contributing  EeDows,  the  nnmbercf  oontribntingFeUowi 
ie  increased  by  5,  being  now  744. 

The  total  number  of  Fellows  and  Foreign  Members  and  Corre- 
spondents was  1410  at  the  end  of  the  year  1878,  and  1415  at  the 
end  of  the  year  187U. 

During  tiie  year  1879  intelligence  was  received  of  the  death  of 

5  Foreign  Hemben ;  and  8  of  tibe  Taoanoiee  thoe  oanaed,  with  the  S 
ezistiiig  at  the  end  of  1878,  were  filled  up  in  the  course  of  the  jear, 
leaving  at  its  dose  2  vacancies  in  the  list  of  Foreign  Members.  The 

6  vacancies  thus  produced  in  the  list  of  Foreign  Corre!^iKindcnt«,  and 
that  existing?  at  the  close  of  1  ^78,  were  all  filled  up  durinj^  the  year. 

The  continuance,  and  indeed  partial  aggravation  of  the  unfavour- 
able conditions  referred  to  in  the  last  Keport  of  the  Council,  mani- 
fetted  in  the  numerieal  statements  already  given,  shows  itself  veiy 
dearly  in  its  effect  on  the  financial  position  of  the  Society.  The  total 
Beceipts  for  the  year  1 879  (exclusive  of  Mr.  Ellis's  legacy  of  £1000) 
were  only  -£240f»  on.  \d.,  but  still  £4'y  6.<<.  Tut.  more  than  the  esti- 
mated Income  for  the  year.  The  total  Expenditure,  on  the  other 
hand,  was  £2o27  2s,  6c/.,  or  £26  ios,  2d.  below  the  estimate  for  the 
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year,  although  sti]l  showing  an  excess  of  Expenditure  over  Income 
of  £60  17s.  7d.  The  estimated  excess  at  the  last  Annual  Meeting 
was  i;i34  185.  4c?. 

The  Council  have  to  announce  the  completion  of  Vol.  XXXY.  of 
fhe  Qnartezfy  Journal  and  the  ocnmnsiiMmeiit  of  Y6L  XXXVL 

The  Connoil  have  fbrtiisr  to  annonnoe  that  llie  Oatalogoe  of  the 
labrar}'  is  completed,  and  is  now  in  the  Frinten'  hands.  It  is  esti- 
mated to  mnko  a  volume  of  over  500  pages,  and  will  be  issued  to 
the  Fellows  at  the  price  of  fivo  shillings.  The  Council  hope  that 
the  usefulness  of  this  volume  as  a  guide  to  the  contents  of  the 
Library,  will  lead  to  its  being  very  generally  purchased  by  the 
PeUows,  80  iliat  tlie  cost  of  its  prodnctUm  may  speedily  be  repaid. 
To  meet  the  immediate  expense  of  printing,  fte^  tiie  Coimial  pco- 
pose  to  sell  oat  tbe  neeessar}-  amount  of  the  Stock  belonging  to  the 
Societ}' ;  the  sum  thus  employed  to  be  replaced  by  the  inTeabnent 
of  the  amounts  redized  l)y  the  sale  of  the  Catalogue. 

The  Council  have  awarded  the  Wollaston  Medal  to  Professor  A. 
Daubrco,  of  Paris,  a  foreign  Member  of  the  Society,  in  recognition 
of  his  long  and  aiduons  imtk  in  Geolo^%  and  espeaally  on  for- 
mation of  minerals  and  the  metamorphkm  of  nxun. 

The  !^^urchison  Medal  and  the  proceeds  of  the  Murchison  Dona- 
tion Fund  have  been  awarded  to  Robert  Ethcridge,  Esq.,  F.It.S., 
F.G.S.,  in  recognition  of  his  distinguished  services  to  Pala^ontolog}-, 
especially  in  the  preparation  of  his  most  valuable  Catalogue  of 
British  Fossils,  and  to  assist  him  in  the  completion  of  that  work. 

The  Lyell  Medal,  with  the  sam  of  Twenty  Gmneaa  from  the  pro- 
ceeds of  the  Fund,  has  been  awarded  to  John  Erans,  Esq.,  LLJ>., 
F.B.S.,  F.G.B.,  in  recognition  of  his  distinguished  services  to  Qeo- 
k^cal  Science,  especially  in  the  department  of  Post-tertiary  Geology. 

The  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund  has 
been  awarded  to  Thonius  Duvies,  Esq.,  F.G.S.,  as  a  testimony  of  the 
value  of  his  researches  in  Mineralogy  and  Lithology,  and  to  assist 
him  in  the  farther  examination  of  the  Microscopic  stractnre  of 
Bocks. 

The  halance  of  the  proceeds  of  the  Lyoll  Donation  Fund  has  been 
awarded  to  Professor  Quenstodt,  of  Tubingen,  a  Foreign  Member  of 
the  Society,  in  recognition  of  his  distinguished  services  to  Minera- 
logy and  Geolog}-,  and  to  assist  him  in  the  publication  of  his  great 
work  '  Die  Petrefacteukuudo  Deutschlands.* 

In  porsuanoe  of  the  rcsolatbn  announced  in  the  final  paragraph 
of  their  last  Annual  Beport,  the  Council  have  procured  from  1&. 
Swift  an  excellent  binocular  Microscope  for  the  use  of  the  Fellows 
of  the  Society,  the  cost  of  which  (£"J3 10«.)has  been  paid  out  of  the 
proceeds  of  the  Barlow- Jameson  Fund.  The  instrument  is  such  as 
to  be  available  for  any  kind  of  microscopic  work  ;  l)ut  it  has  been 
furnislied  with  appliances  which  fit  it  siJeeially  for  petrographical 
l)urpo»es. 
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Library, 

Since  tho  last  Anniversary'  Meeting  a  p:rcat  number  of  valuable 
additions  have  been  mado  to  the  Library,  both  by  donation  and  by 
purchase. 

As  Booaiunui  fhe  Dbrafy  has  leeeived  110  Tohunes  of  separately 
pabHsbed  worb  and  278  Pamidilete  and  aepaiate  inqireBnona  of 

Memoirs ;  also  about  90  volumes  and  75  detached  parts  of  the  pub- 
lications of  various  Societies,  nnd  1.")  yolumes  of  independent  Peri- 
odicals presented  ])y  their  respective  Editors,  besides  10  volumes  of 
Newspapers  of  different  kinds.  This  will  constitute  a  total  addition 
to  the  Society's  Library,  by  donation,  of  about  237  volumes  and  278 
PampUete. 

A  ecnuiteable  niimber  of  Hapa,  Plana,  and  Seetiona  bave  been 

added  to  the  Sooiety^s  collection  by  presentation  from  various  Geo- 
logical Surveys,  from  the  Ordnance  Survey  of  Great  Britain,  and. from 
the  French  Depot  de  la  Marine.   These  amount  in  all  to  IGO  sheets. 

llie  Books  and  Maps  just  referred  to  have  been  received  from 
13G  personal  Donors,  the  Editors  or  Publishers  of  15  Periodicals, 
and  130  SodatieB,  Surveys,  or  other  Public  Bodiea,  makbg  in  all 
281  Donors. 

By  Purchase,  on  the  recoBunendation  of  the  Standing  Librarj' 
Committee,  the  Library  has  received  the  addition  of  47  volumes  of 
Books,  and  of  55  parts  (making  about  8  volumes)  of  Periodicals, 
besides  46  parts  of  works  published  serially,  the  commencements  of 
wliich  were  obtained  in  previous  years.  Two  Sheets  of  the  Geolo- 
gical Suirey  Map  of  I^anca  bavo  been  reoeiTod  daring  the  year. 

Iha  coafc  of  Bodca  and  Periodioala  during  the  year  1879  waa 
jeS  13».  8A,  and  of  Bindin-  ,{"02  16f.  Id,  Tlie  sum  of  £\X  U 
was  also  expended  for  Cards  for  tho  preparation  of  the  Catalogue, 
and  for  a  Library  Loan-book,  mrikinp;  in  all  .£'157  i'K 

The  Books  in  the  Society's  Library  arc  in  good  condition  ;  and  a 
considerable  number  of  old  serial  and  other  works,  of  which  the 
binding  had  been  damaged  by  long  use,  have  been  rebound  or  re>- 
paixed«  Tho  Ilbraxy  continuea  to  be  mueh  uaed  by  the  FeOowa  of 
the  Society. 

As  great  inconvenience  has  been  experienced  from  there  being 
no  definite  time  appointed  for  tho  necessary  annual  cleaning  of  the 
Library  and  tho  books  contained  in  it,  the  Library  Committee  re- 
commend that  the  Library  be  closed  annually  for  this  purpose  during 
the  first  Mnigbt  of  the  month  of  September,  tbat  being  the  time 
when  the  Society's  rooms  are  leaat  Tiaited  by  the  Fellows. 
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The  CdUfictaons  In  tlie  Hnseiim  remain  in  the  same  oondition  as 
at  tiie  date  of  the  last  Bepcnt  of  the  Commitfcee. 

Very  few  additions  to  tlio  Museum  have  to  l)e  recorded.  They 
include : — A  series  of  Kock-Fpccimciis  from  the  Lower  Cambrian 
Bocks  of  Shropshiro,  presented  by  C.  Callaway,  Esq.,  D.Sc,  F.G.S., 
in  illustrutioii  of  his  ]);i})or  on  those  rocks  ;  a  block  of  Coal  from  the 
New  Douglas  Mine,  ^anaimo,  Yaucouver  Island,  presented  by  tlio 
YaneouTer  Coal-mining  and  Land  Company ;  and  a  ooUeetioii  of 
Geyaeritea  (Sintera)  from  the  Colorado  Hot  Springs,  preaentedl^  Dr. 
F.  Y.  Hayden,  F.M.G.S. 

W.  J.  Sollus,  Esq.,  M.A.,  F.G.S.,  also  presented  a  series  of  Casts 
of  the  three-toed  footprints  in  tho  Triassic  Conglomerate  of  bouth 
Walea,  described  by  luw  in  a  paper  read  beforo  the  bocicty. 
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OLoa  or  m  niu  1878  ahd  1879. 


Compounders  

Contributing  TellowB  

Kon-ooniiibiitiiig  Fellows . . 


Honorary  Memben   

Foreign  Members  

Foreign  Coirespoudents , . . 


Dm.  31, 1878. 

Deo.  31, 1870. 

308 

313 

739 

744 

289 

«77 

1336 

1334 

38 

1416 

141Q 

QmeraX  SUUement  explanatory  of  the  Alterations  in  the  Number  of 
Fellows^  Honorary  Members^  ^e.  at  the  dgse  of  the  years  1678  aiid 
1879, 


Hambcr  of  Compoonden,  Contributiug  and  Non- 
contributing  Fellows,  December  31,  1878  .... 

Aihl  Fellows  elected  dwiog  former  year  and  paid 
in  1879   

Add  Fellowii  elected  and  paid  in  1879   , , . 


Jkduct  Compounders  deceased  

Contributing  Fellows  deceased  

Non-contributing  Fellows  deceased  .... 

Contributing  Fellows  resigned  

Contributing  Fellows  removed  


Kninber  of  Honorary  Members,  Foreign  "j 
Members,  and  Foreign  Co-respondents,  |> 

December  31,  1878  ;  j 

Deduct  Forcigu  Members  deceased   5 

Fofeiga   Corrospondents  eleotedl  g 
Pordgn  ItonbeiB   / 


Add  Foreign  Members  elected    5 

Forcigu  Correspondents  elected   6 


80 


—  10 


70 


—  11 


1386 

5 

40 

1^ 


6 

9 
14 
15 

3 

—  47 


1334 


—  81 


1415 
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J.  Harper,  Esq. 
T.  Longman,  Esq. 
G.  F.  Playne,  Esq. 


Compounders  (G). 


J.  ruUcino,  Esq. 

Sir  R.  \i.  Vy\yan,  Bart. 

S.  L.  Waring,  Esq. 


Beiidma  and  ol^  CotUrilmUng  Fellom  (9). 


J.  S.  Crossley,  Esq. 
C.  Falconer,  Esq. 
Capt.  H.  A.  Gun. 
R.  AV.  HaU,  Esq. 
S.  Higgs,  Eisq. 


C.  Judd,  Esq. 

T.  Sopwith,  Esq. 
W.  R.  WiUiaras,  Bjq. 
Sir  a.  Wingate. 


JVbfMfilrtftiiltfi^  Fdlm$  (14). 


S.  Benson,  Esq. 
G.  Omne,  Esa. 
J.  S.  Dawee,  Esq. 

F.  Finch,  Esq. 
I.  Fletcher,  Esq. 
W.  S.  Gibson,  Esq. 
J.  Gordon,  Esq. 


W.  Harrison,  Esq. 
J.  W.  Sinhaw,  Esq. 
Piof .  J.  NiooL 

D.  Page,  Esq. 
(J.  Robbins,  Esq. 
SirW.C.  Trcvelyan,Bart. 
bir  G.  Wingato. 


Dr.  J.  F.  Brandt. 

▼on  Gotta. 
Ftot  B.  Gastaldi. 


Ihreign  Mmhen  (5). 


Prof.  Paul  Gcrvais. 

Pmf.  A.  SiiBmolida. 


Fellows  Resigned  (15). 


J.  A.  Beaumont,  Beql 
A.  Brogden,  Esq. 
F.  Derrj-,  Esq. 
0.  R.  Fabian,  Esq. 
Dr.  J.  S.  Holdcn. 
H.  Lainson,  Esq. 
A.  Kaodonald,  Esq. 
lieat-GoL  W.  H.  Mackosy. 


G.  A.  Mosse,  Esq. 

CO.  Groom  Napier,  Esq. 
J.  N.  Shoolbrcd,  Esq. 
Capt.  n.  Thurburn. 
Rev.  A.  Uuderhill. 
B67.  B.  Wangh. 

H.  Wilson,  Esq. 


Fellows  Removed  (3). 


J.  S.  Lt'i;,'h,  Esq. 
J.J.  Luudy,  Esq. 


W.  ►Salter,  Esq. 
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TisfiUowing  Penmages  were  elected  from  the  List  of  Foreign  Cor- 
rmpondmfs  to  Jill  the  vaecmdM  m  the  Li$t  of  ^lutign  Mmbtn 
year  1879. 

Fralenor  BeEnhard  'hsbl  GotU  of  IMberg. 

Dr.  F.  V.  Hayden  of  Washington. 

Major-Greneral  F.  yon  Koksoharow  oC  St.  Petttnlmig. 

M.  Jules  Marcou  of  Saline. 

Dr.  J.  J.  S.  Steenstrap  of  Copenhagen. 

ThefiXlaming  Pitnonage$  were  elected  Foreian  CdmQNNMlSmlf  during 

the  year  1S79. 

Professor  P.  J.  van  Beneden  af  LonvaiD. 
IC.  ^dooaxd  Dupont  of  Bmssals. 

ProfesBor  Gnglidmo  Guiscardi  of  Xaplcs. 
Professor  Franz  Ritter  yon  Kobell  of  MimtolL 
Professor  Gerhard  vom  Rath  of  Bonn. 
Dr.  ^jnile  Sauyage  of  Paris. 


After  the  Beports  liad  been  read,  it  was  resolTod: — 

That  they  be  reoeiDBd  and  entered  on  the  Ifinntes  of  the  Keeting, 
and  tiist  sndi  parts  of  them  as  the  Oonnoil  shall  thuik  fit  be  printed 
and  distribiitea  among  the  FcQows. 


It  was  afterwards  reeolyed : — 

Thafc  the  thanks  of  the  Society  bo  gjreiL  to  H.  C.  Sorby,  Esq., 
retiring  from  the  office  of  President. 

That  the  thanks  of  the  Society  bo  given  to  Prof.  P.  M.  Duncan 
and  Prof.  J.  Prestwich,  retiring  from  the  office  of  Yice-Prosident. 

That  the  thanks  of  the  Society  be  giyen  to  H.  Bauerman,  Esq., 
Prof.  P.  M.  Banoan,  B.  W.  Mylne,  Esq.,  Admiral  Spratt,  and  Bev. 
T.  WUtsbire^  retiring  Ikom  tiie  GoonoiL 

After  the  Balloting-gtassen  had  been  duly  dosed,  and  the  lists 

examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Conncil  for  the  ensning 
year ; — 
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0PPICEB8. 

J^SESWeNT, 

R.  Ethcridgo,  Es*^.,  F.R.S. 

Sir  P.  de  U,  OFey-Egerton,  Bnt^  1C.P.,  PJLS. 

J.  Evans,  B.C.L.,  LL.D.,  F.R.8. 

J.  W.  Hulko,  Esq.,  F.K.S. 

Prof.  A.  C.  Bamaay,  LL.D.,  P.B.S« 

SBOSXTASlBa, 

Prof.  T.  G.  Bonnev,  M.A.,  P.B.S, 
Prof.  J.  W.  Judd/E.R.S. 

FOBEIGN  SECRETARY. 
W.  W.  Smyths  Esq.,  HJL.,  P.B.S. 

J.  Gwyn  Jeffirays,  LLJ).,  P.&.a. 


COUKCn*. 


Rev.  J.  E.  Blake,  if.A. 
Prof.  T.  U.  Boniiey,  M.A.,  F.R.S. 
W.  Carruthcrs,  E8(|.,  E.R.S. 
Sir  P.  do  M.  Gruy-Egertoii,  iJart., 

B.  Eiiheridge,  Esq.,  F.Bj3. 

J.  Evans,  D.C.L.,  LL.D.,  F.R.S. 
Iioat..Colonel  H.  H.  Godwin- 
Austen. 
J.  C.  Hawkshaw,  Esq.,  M,A. 
H.  Hicks,  M.D. 
W.  H.  Hudlflston,  Esq.,  H.A. 
Pra&  T.  li^'Kenny  HughfiSi  M.A. 


J.  W.  Hulke,  Esq.,  F.R.S. 

J.  Gwyu  Jeflfrt  ys,  LL.D.,  F.R.S. 

Prof.  T.  Rupert  J  cues,  F.RJS. 

Prof.  J.  W.  Judd,  F.R.S. 

Prof.  N.  a  Maskelyue,  M^., 

F.B.S. 
J.  Morris,  Esq.,  H.A. 
J.  A.  Phillips,  Esq. 
Prof.  J.  Prostwich,  M.A.,  F.R.S. 
Prof.  A.  C.  liamsay,  LL.D.,  F.R.S. 
Prof.  H.  G.  Seeley,  F.R.S. 
W.  W.  ftnyth,  Esq.,  M.A.,  F.R.S. 
H.  C.  Sorby,  LLJ).,  P JUS. 
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LIST  OF 

TH£  FOREIGN  MEMBERS 
OF  THE  GEOU>QIOAL  SOdBTY  OF  LONDON,  in  1679. 

Datf  of 
Klectioo. 

1887i.  Br.  H,  von  Deohen^  £om. 

183a  Br.  Ami  Bond ,  FMim& 

1844.  Winiam  Burton  Bogen,  Esq.,  Sodtm,  U,  S, 

1848.  James  Hall,  Esq.,  Albany,  StaU  tf  Ntm  TWfc. 

1850.  Professor  Bemliard  Studer,  Berne, 

1851.  Professor  JaiiK  S  D.  Dana,  New  Jfavm,  ConnecHeut, 
1851.  Professor  A ngelo  rfismonda,  Twrm.    ( Doceo/ud.) 
1853.  Count  Alexander  von  Keyserlinir,  RaykuUf  JUusia, 
1853.  Profeaeor  L.  G.  de  Koninck,  Lii^ti. 

1864.  M.  Joacliim  BBnande,  ^nagus, 

186&  FtafflOMrBobertBmiaei^For.  Mem.Bj9.,  JSb^^ 

1867.  Professor  IT.  R.  Goeppert,  Bre$iau, 

1857.  Professor  H.  K  Geinitz,  Drndut, 

1857.  Dr.  Hermann  Abich,  Vienna. 

1859.  Professor  A.  Delesse,  Paris. 

1859.  Dr.  Ferdinand  lioemctf  Bresiau. 

1860.  Dr.  H.  Milne-Edwards,  For.  Mem.  R.S.,  Paris. 
184)2.  ProfefiBor  Pierre  Merian,  Bask, 

1864.  M.  Jules  Desnojers,  Bmt. 

1806.  I)r.  JoeepliLeidy^mbA^pAta. 

1867.  Professor  A.  Daubi^  JParia. 

1870.  Professor  Oswald  Hocr,  Zuritk, 

1871.  Dr.  f^.  Nilsson,  Lutid. 
1871.  Dr.  Ht^^nri  Nyst,  Briisseh. 

1871.  Dr.  Franz  Ritter  von  Hauer,  Vienna, 

1874.  Professor  -lUplionse  Favre,  Geneva. 

1874.  Professor  B.  Oastaldi,  Turin.  {Deceased.) 

1874  Prataor  K  HAerl^  Am. 

1874.  YvOmmtAovM^JimXfN^ 

1874.  Professor  Albert  Gandxy,  Arfifc 

1875.  Professor  Paul  Ger%  ais,  Paris.  (DeceasetU) 

1876.  Professor  PVidolin  Sandberger,  Wunbwrg, 
1875.  Professor  Theodor  Kjerulf,  Christinnxa. 

1875.  l*rofessor  F.  August  (^uenstedt,  Tubingen, 

1876.  Professor  E.  Beyrich,  Berlin. 

1877.  Dr.  J.  F.  Brandt, -S^.  i^cteraftwy.  {Deceased.) 
1877.  Br.Cttdl¥l]]u]mGii]iaHd,Jfii^ 

1877.  Br.  Ednaid  Snees,  FSewMi. 

1870.  Fkofenor  Bemluad  tob  Gotta,  Freiberg,  (Deeeoted,) 

1879.  Dr.  F.  V.  Hi>jrden,  Wfu<h{ nylon. 

1879.  Major-General  N.  von  KoJuduuEOWi  St,  JMerdurg, 

1879.  M.  .Tnlcs  Marcou,  Salhh<. 

1879.  Dr.  J.  J .    ;:^teen8trup,  For.  Mem,  Oopenhagm. 
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LIST  Of 

THE  FOEEIGN  CORRESPONDENTS 
OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  m  187a 

Date  of 

Election. 

1863.  Dr.  G.  F.  Jtiger,  Stuttgart. 

1863.  M.  S.  Lov^n,  Stockholm. 

1863.  Count  A.  6.  Marschall,  Vimna, 

1883.  FiofeMor  G.  Meneghini, 

1868.  Sigttor  Giiueppe  Pobb,  Home, 

1863.  Siguor  Quintiiio  SellA,  JKome. 

1863.  Dr.  F.  Senft,  Eisenach, 

1864.  M.  J.  Bosquet,  Maestricht. 
180)4.  Dr.  rharles  ^fartins,  Montpellter. 
186(5.  Professor  J.  1*.  Lesley,  Philadelphia. 
1806.  I'rofessor  Victor  Kaulin,  Bordeaux. 
1888.  Binm  Adiille  de  Zigno,  PodiMi. 

186a  FkQfiB6BorA.E.NoideiiddoM,iSI{odU(^ 

186a  "BvOmatV.IaMj  Leipag. 

1870.  Professor  Joseph  S/  ubo,  Pedh, 

1870.  Professor  Otto  Torell,  Lund. 

1871.  Professor  ft.  Dewalque,  Liege. 
1871.  M.  Henri  Coquand,  Marmlh-x. 

1871.  Professor  Giovanni  Capelliiii,  Boloyna. 

1872.  Herr  Dionys  Stur,  Viemia. 

1872.  FtofesBor  J.  D.  WUinej,  Oambridffe,  U.  S. 

1874,  PtolS988or  Igino  Cocduy  I'larenee. 

1874.  M.  Gustave  H.  Gottean,  Aiixerre, 

1874.  Professor  W.  P.  Schimper,  Strtuturg, 

1874.  Professor  G.  Scg^enza,  Messina, 

1874.  Dr.  J.  8:  Newlx  rry,  Neio  York. 

1874.  Dr.  T.  0.  Winkler,  Haarlem.  * 

1875.  l*rofe8sor  Gustav  Tscherniak,  Vienna. 
187a  Twimat  Jnlee  Gossclct,  Lilk. 
187a  Ftofeaeor  Ludwig  Blitimeyer,  j5M. 
1877.  Frafeasor  George  J.  Bnuhy  Hew  ElaveiL 

1877.  Profeaaor  A.  L.  O.  Des  Cloizeanx,  For.Hem.R.S.|  IVvtk. 

1877.  Professor  E.  Renevier,  Lausanne. 

1877.  Count  Gaston  de  Snporta,  Aix-ftt-Pror^nce. 

1879.  Professor  Pierre  J.  van  Jieneden,  For.Mem.H.S.,  Lowmn, 

1879.  M.  fedouard  Dupont,  Hnmeh. 

1879.  Professor  Guglielnio  Guiscardi,  Xapks. 

1870.  FkofeaBorFrans  Bitter  TOD  KobeU,ilfMntc/i. 

1879.  Firofeesor  Gerhard  Tom  Bath,  Bmm, 

1879.  Dr.  ]iiiiile  SaiiTage^  iWtf . 
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AWABDS  OF  TH£  WOLLASTON  M£DAL 


UNBIft  *HB  CONOinONS  OF  tBM  ^'iMNATXON  rUND^' 


WILLIAM  HYDE  WOLLASTON,  M.D.,  FJL&,  £*.G J.,  &c. 


"To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  couutry  by  whom  such  researches  may  hereafter  b© 
made/' — ''such  individual  not  being  a  Member  of  the  Council." 


188L 
1886. 
188a 

1887. 

1838. 
1839. 
1840. 
184L 
18491 

1843. 

1844. 
1845. 
1848. 
1847. 
1848. 
18^. 
1860. 
18S1. 
1862. 

1868. 

1864. 
18.55. 
1850. 


Mr. 'V^HDiim  Smith. 
Br.  O.  A.  MantdL 
]£•  Ii.  AgWBu. 
I  Capt  T.  P.  Cantl^. 

( Dr.  H.  Falconer. 
Professor  R.  Owen. 
Professor  C.  G .  Ehrenberjr. 
Professor  A.  II.  Dumont. 
M.  Adolphe  T.  Brongniart 
Buon  L.  van  Bach. 
1 M.  EHe  de  Beranioat. 
I  M.  P.  A.  Dufr^noy. 
The  Rev.  W.  D.  Conybetw. 
Profi^sor  John  Phillips. 
Mr.  William  Lonsdale. 
Dr.  Ami  Bou^. 
The  Rev.  Dr.  W.  Buckland. 
Ifnfy/mt  Joiopli  IViislivich. 
Mr.  WiUiam  Hflfldna. 
The  Rev.  Prof.  A.  Sedgwidr. 
Dr.  W.  H.  Fitton. 
i  M.  le  Vicomte  A.  d'Axchiac. 
I M.  E.  de  Vemeuil. 
Sir  Richard  Griffith.  . 
Sir  H.  T.  De  la  lieche. 
Sir  W,  E.  Logan. 


1867.  M.  Joachim  Bannde. 

1858k  \  ^^"^  Hismaiiii  Ton  Mayif • 
( Mr.  James  Hall. 

859.  Mr.  Charles  Darwin. 
8(30.  Mr.  Searles  V.  Wood. 
801.  l^rofessor  Dr.  H.  G.  Bronn. 
862.  :Mr.  R.   A.   0.  Godwin- 

Austen. 

868.  Professor  Gustav  Bischof. 

864.  £SrB.LMiueh]BOiL 
866.  Mr.  Thomas  DttfidMO. 

806.  Sir  Charles  LyeU. 
8(57.  Mr.  G.  Poulett  Scrope. 

865.  Professor  Carl  F.  NaimiMm, 
8m.  Dr.  II.  C.  Sorbv. 

870.  Professor  G.  P.  IJeahayes. 

871.  Professor  A.  C.  Ramsay. 

872.  Ihokmat  J.  D.  Dana. 

878.  Sir  P.  da  M.  Grey-Egerkon. 
874.  Prafeasor  Oswald  Hear. 
^^75.  Professor  L.  G.  de  Konindr. 

876.  Professor  T.  H.  Huxley. 

877.  Mr.  Robert  IMnllet, 

878.  Dr.  Thomas  Wriglit. 

871).  IVofes^or  iiernluird  Studer. 
880.  Professor  Augustc  Daubree. 
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PB0C£1U>X2I&S  09  IBB  QKOLOeiOlL  BOCUXr. 


OF  THB 

BALANCE  OF  THE  PBOCEEDS  OF  THE  WOLLASTON 

''DONATION-FDND." 


1881.  m.  WiUiam  Simtli. 
1883.  Ui.  WflliAin  Looidak. 

1834.  M.  Louia  Agaasiz. 

1835.  Dr.  G.  A.  Mank>ll. 
1830.  Profosi'or  O.  P.  Doshayes. 
1838.  Professor  Richard  Owon, 
mi9.  Professor  G.  C.  I-:hn'nberrr. 

1840.  Mr.  J.  Do  Carle  Sowerbv. 

• 

1841.  Professor  Edward  Forbes. 

1842.  Frotoof  Jolin  Mortit. 
1848.  Aeotow  JoliaHonit. 

1844.  I^tr.  William  Lonsdale. 

1845.  Mr.  Oeddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbip-ny. 

1848.  J^^P^^~^*^®*^'^^'^P^' 

I M.  Alcide  d'Orbigny. 

184&  Mr.  WiUiamLoDtdalA. 
186a  Pioteor  John  Monia. 
1861.  M.  Joachim  Barrande* 
1863.  Professor  John  Morris. 
1853.  Profespor  L.  G.  do  Koninck. 
18o4.  Mr.  S.  P.  Woodward. 
18o»5.  I)r8.  G.  and  F,  Sandberger. 
1860.  Professor  G.  P.  Deshajes.  I 


1857.  Mr.  S.  P.  Woodwud. 
185a  Mr.  JameaHall. 
1859.  Mr.  Charles  Peach. 

I  Professor  T.  liupert  Jones. 

) Mr.  W.K.  Parker. 
li^Ol.  Professor  A.  Daiibrf'f. 
18<)2.  Proffssor  Oswald  Heer. 

1803.  Professor  Ferdinand  Senft. 

1804.  Professor  O.  P.  Deehayes. 
1806.  Mr.  J.  W.  Salter. 

1888.  Dr.  Hemy  Woodwaid. 
1867.  Mr.  W.  H.  Bafly. 
180,8.  M.  J.  Rosqnet. 
1809.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Poiiault 

1871.  Mr.  P.  Kih.  ridfre. 

1872.  Mr.  James  Croll. 

1873.  '  FtofooBor  J.  Judd* 

1874.  Dr.  Henri  Kjst 

1875.  Mr.  li.  C.  MiaU. 

1 870.  Professor  Giuseppe  Seguenxa* 

1877.  Mr.  11.  Etheridge,  Jan. 

1878.  Mr.  W.  J.  Sollaa. 
1870.  Mr.  S.  Allport. 
1880.  Mr.  Thomas  Davies. 


AWAEDS  OF  THE  .MURCHISON  MEDAL 

AMD  Ot  THB  . 

PROCEEDS  01?  "THE  MUBCHISON  OEOLOQIOAL  FUND/' 

ESTABLISHED  UNDER  THE  WILL  OF  THE  LATE 

Snt  BODEEICK  mSEX  MUB,CBISON,  Bakt.,  F.B.S.,  F.QJS. 

"  To  be  applied  in  every  eoossentiye  year  in  such  manner  as  {he  Oonneil 
of  the  Society  may  deem  most  nseful  in  adyancing  geological  acienoe^ 
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whether  by  granting  suiai  of  numey  to  tfsvellafl  in  ponoit  of  know- 
ledge, to  nfhon  of  ttflmoirB,  or  to  peno&ft  aetnally  employed  in  any 
inquixiee  tearing  upon  the  mmooo  of  gMlogy,  or  In  lewaiding  any 
■ash  twvellen^  anthon^  or  other  penona^  and  the  Medal  to  be  given 
to  aoma  penoa  toiHioBi  ataik  Oomioil  ahaU  grant  any  anm  of  mon^ 
or  wcompenae  in  leapaet  of  geological  adenoe." 


1873.  Mr.  William  Dayies.  Medal. 
1878.  Professor  Oswald  lleer. 

1874.  Dr.  J.  J.  Bigsby.  ACwfaA 

1874.  Mr.  Alfred  Ben. 
1874  Mr.  Balph  Tbto. 

187fi.  Mr.W.J.Henwood.  MM 

1875.  Prof.  IT.  G.  Seeley. 

1876.  Mr.A.B.C.Selwyn.  MtdaL 


187G.  Mr.  Jamos  Croll. 

1877.  Rev.  W.  B.  Clarke.  Medal. 

1877.  Ber.  J.  F.  Blahe. 

187a  Br.  H.  a  Geiniti.  MgdO. 

1878.  Mr.  0.  Lapwortk 

1879.  Prof.  M^or  F.  M'Coy.  MM 

1879.  Mr.  J.W.  Kirkby. 

1880.  Mr.  B.  Etheiidge.  Medal, 


AWABDS  OF  THE  LYBLL  MEDAL 

PROCEEDS  OF  THE  "LYELL  GEOLOGICAL  FUND," 

IflTABUSBSD  im DIB  VHB  WILL  A3XD  CODICIL  Of  TBI  LATB 
Snt  OHAULTM  LYBLL,  Bamp.,  VJUB,,  F.O.8. 

The  Medal ''to  be  given  annually"  (or  from  time  to  time)  ''as  a  marie  of 
honorary  distinction  as  an  expression  on  the  part  of  the  governing 
body  of  the  Society  that  the  Medallist  has  deserved  well  of  the 
Science," — "  not  less  than  one  third  of  the  annual  interest  [of  the 
fund]  to  accompany  the  ^ledal,  the  remaining  interest  to  be  given  in 
one  or  more  portions  at  the  discretion  of  tlio  Coimcil  for  the  encou- 
ragement of  Geology  or  of  any  of  the  allied  sciences  by  which  they 
shall  consider  Geology  to  have  been  most  materially  advanced." 


1878.  Robnor    John  Moiris. 
MM. 

1877.  Br.  James  Hector.  MbM 

1877.  Mr.  W.  Pengelly. 

1878.  Mr.  O.  Busk.  Medak 
1878.  Dr.W.  Waagen. 


1879.  Ptoteor  Bdmond  HAerfc. 

1879.  Profeaaor  H.  A.  Nicholaon. 

1879.  Dr.  Henry  Woodward. 

1880.  Mr.  John  Evans.  Medal* 
1880.  Professor  F.  Quenstedi 
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AWARDS  OF  THE  BIOSBY  MEDAL, 

Bx.  J.  J.  BLQSBYf  F.BJEL| 

To  be  awarded  biennially  as  an  acknowledgment  of  eminent  services 
in  any  department  of  Geology,  irrespective  of  the  receiver's  country  ; 
but  he  must  not  be  older  than  45  years  at  his  last  birthday,  thus 
probably  not  too  old  for  further  work^  and  not  too  young  to  have  done 
luiidi." 

1877.  Profeesor  0.  C.  Marah.        |   1879.  Fzoleflsor  K  B.  Cope. 
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FB0CEBDIN6B  OF  IKE  eBOLO0ICAL  SOCISir, 


EsTiMATis  ybr 

INCOME  £XP£CT£D. 

£  $,  d,    £   a,  d, 
Dne  for  SobMriptioiisforQnwterlyJoiinial  8  5  4 

Dae  for  Amin  of  AniiQalCoittribiidoiui  ..•••«.••  194   8  0 

Due  (or  Arrears  of  Admiaaioa-fees   88   4  0 

  S85  IT  4 

fittimated  Ordinary  laoome  for  1880 :~ 

Annual  Contributions  from  Resident  Fellows,  and  Noa- 

residenU  of  1859to  1861    1308    6  0 

Admiaaion-fcei   259  0  0 

Compoflitioiu    341  10  0 

Annual  Contributions  in  advance   12  12  0 

Dividends  on  Consols  and  Reduced  3  per  Cents   •   237  10  8 

AdTertisementa  in  Quarterly  Jonmal  •  7  10  0 

Sale  of  Stodc  for  Library  Catalogue   SSO  0  0 

Sale  of  Transactions,  Library-catalogues,  Orme- 
rod's  Index,  and  Hochstetter's  New  Zealand...     6   0  0 

Sale  of  Quarterly  Jouraal,  including  Longman's 
account  910  0  0 

Sale  of  Geological  Map,  including  Stanford's 
account   15    0  0 

—          230   0  0 

Balance  against  the  Society   99  17  10 


£2895    3  10 


J.  9WyN  JEFFREY^,  Tbbab, 

4  F€b.  1880. 
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ihe  Year  1880. 

IXPBNDITtmi  BSTlHmD. 


£  »,  d.     £  «•  tf. 

G«Mnl  Expenditure  i 

TinM  and  luunuioe                              90  5  10 

Itaniitiira                                          15  0  0 

Hoose-npaift                                          40  0  0 

Fael                                                        30  0  0 

Light                                                       30  0  0 

Miscellaneous  House-expenses                        125  0  0 

Statbnerjr                                           25  0  0 

MiMeUMMOMFriiitiiif                              60  0  0 

TttforMaetiiip                                   21  0  0 

  376  5  10 

Salaries  and  Wages : 

Assistant  Sacretary  (ire  quartan}                437  10  0 

Clerk                                                          140  0  0 

Assistanu  in  Library  and  Museum                  165  0  0 

House  Steward                                      105  0  0 

Hoaaenaid                                          40  0  0 

OeeaiioBalAttaadaBta                              8  Q  0 

Aoeottstant                                         8  8  0 

'  903  18  0 

Library   140  0  0 

Museum    5  0  0 

Miscellaneous  Expenditure,  including  postages    60  0  0 

Diagrams  at  Meetings    10  0  0 

library  Catalogue    220  0  0 

Pkiblicaftioiias 

Quarterly  Journal  (£1000)  and  postage 

£80)    1080  0  0 

Abatracta  m...   100  0  0 

  1180  0  0 


£'2B95    3  10 
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PBOOBDDreS  OF  ZHB  OlOLOeiOAL  MOXKET. 


Income  and  Estpendiiture  during  the 
RBCSIPTS. 

£    t.    d.    £    $,  d. 

Balance  at  Bankers',  1  January  1879  ....    67    6  10 

Bdanoe  in  Clerk's  liandst  1  January  1879 .     9   6  6 


  76  13  4 

Compositions    241  10  0 

Arrears  of  Admission-fees    31  10  0 

Admis8ion*fees»  1879    252  0  0 

  283  10  0 

Arrears  of  Annual  Contribations   121   6  6 

Annual  Contributions  for  18/9,  viz. : — 

RMUsnt  Pdkiws   £1262  2  0 

Non-BfltidentFalloira...     25  4  0 

 1287    6  0 

Annual  Contributions  in  advance   12  12  0 

Journal-Subscriptions  in  advance   016  4 

Dividends  on  Consols    207   I  10 

Reduced  3  per  Cents   80  8  10 

  237  10  8 

Taylor  &  Frauds:  Advertisements  in  Jouma],  Vol.  34..     5  19  0 

Bequest  by  the  late  Sydney  Ellis,  Esq  1000  0  0 

Publications : 

Sale  of  Jonmsl,  Volt.  1-84    140  0  9 

Vol.  as*    118    3  8 

Sale  of  Transactions   2  II  9 

Sale  of  Geological  Map    12   7  10 

Sale  of  Ormerod's  Index   2    6  7 

Sate  of  Uocbttetter't  New  Zealand    0  4  0 

  275  14  7 

*Dtte  from  Messrs.  Longman,  in  addition  to  the  abo?ei 

on  Journal,  VoL  35,  &c   60  17  8 


I>QefroinStaiiftffdoiiaeeoimtofOeolo^calMsp..    3  11  10 

£64   9  6 


£3542  18  5 

Wc  have  compared  the  Books  and 
Accounts  presented  to  us  with  this 
statement,  aud  we  find  them  to  agree. 

(Signed)       JOHN  EVANS,  1 
AV.  H.  HUDLESTONJ 

31  Jan.  1880. 
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Year  endinff  31  December,  1879. 

BXPBNDITURB. 

General  fizpenditare:  £  $,  £  s, 

Taxps   •  18    5  10 

Fire>iD«uraac8    12   0  0 

Fomitore   :   4   6  0 

Ilouse-imain    24   5  5 

Fuel    42  17  9 

Light   26   3  6 

MiscelluuNNU  HoQM^paiaet   124  18  7 

Stationery   24  16  10 

MUcellaneous  Printiug   56    0  3 

Tm  at  M  eetingt    21  0  0 

  854  14  3 

Sdariet  end  Wages : 

AMbtaBl  Seeretaiy  (thrae  qnarten)             262  10  0 

Clerk                                                  140  0  0 

Library  and  Mueeum  Assistants                  165  0  0 

House  Stenazd                                  105  0  0 

Hoasemaid                                               40  0  0 

Occasional  Attendants                                8  0  0 

AeconatMito                                       7  7  0 

  727  17  0 

Uhnaej   137  10  4 

Miacenaneooa  Bzpenaes,  indnding  postages   60  13  9 

Diagrams  at  Meetings   4  16 

loTestment  in  £l(iSS  5«.  6tL  Reduced  8  per  Cents.  . .  1000  0  0 

Publications  : 

Geological  Map   0  8  0 

Jonnial, Yob.  1-34   12  9  6 

VoU85   1131  19 

Abfttracta   •   97  10  0 

 1242    6  1 

Balance  in  Bankers'  hands,  31  Dec.  1879  .  14  4  1 
Balance  in  Clerk's  hands,  31  Dec.  l&7d  . .      Ill  8 

  16  16  9 


£3549  18  5 
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The  Reports  of  the  Council  and  of  the  Committees  having  been 
iMd,  the  Prendent,  Hrnkt  Ckzfioh  Sobbt,  Esq.,  LL.D.,  F.R.S., 
presented  the  Wollaston  Gold  Medal  to  Mr.  H.  Bauermaw  for 
transmission  to  ProL  A.  DAVBEta,  P  Ji£.G.&.,  and  addressed  him  as 
follows:^ 

Mr.  Battx&hait, — 

The  Council  has  awaided  the  WoUaston  Medal  to  Professor  A. 
DaubbAb^  of  Paris,  in  recognition  of  his  long  and  arduoos  work 
in  geology^  and  especially  for  his  researches  on  the  formation  of 

minerals  and  on  thr  mctamorphism  of  rocks.  Wo  must  all  rcjjjot 
that  his  pressin^ij  duties  as  President  of  the  Freneh  Academy  pre- 
vent his  being  amongst  us  to-da^-,  which  otherwise,  he  informs  us, 
would  have  given  him  much  pleasure.  You  will  kindly  transmit 
the  Medal  to  him,  and  assure  him  how  highly  we  yalne  his  nn- 
merons  eontrihutions  to  physical  geology.  Possibly  no  one  of  our 
members  more  highly  appreciates  his  labonrs  than  I  do  myseU^  since 
they  have  !>oon  so  intimately  connected  with  my  own  researches, 
though  carried  on  in  m  iny  cases  in  a  very  different  manner.  1 
would  more  especi;illy  allude  to  the  great  value  of  the  experiments 
in  which  he  was  able  to  produce  several  very  important  minerals 
hy  the  action  of  water  at  a  high  temperature  $  his  researches  on  the 
formation  of  well-known  Zeolites  in  the  old  Homau  hrick-work  at 
Plombieres ;  and  numerous  other  applications  of  the  experimental 
method  to  the  solution  of  other  important  questions  connected  with 
various  brandies  of  i)hy8icaj  geology.  These  have  culminated  in  his 
recent  and  most  valuable  work  on  experimental  geology — a  work 
which  ought  to  he  tiie  means,  as,  I  troat,  it  will  he,  of  introducing 
and  still  ftirther  extending  the  experimental  method  of  inquiry  into 
all  Inranches  of  our  science. 

Mr.  Baiterman,  in  reply,  said  that  the  regrets  expressed  by  the 
President  at  the  absence  of  the  WoUaston  Medallist  would  be 
shared  by  every  one  in  the  room.  M.  Dauhree  had  hoped  to  he 
present,  and  it  was  only  within  the  last  few  days  that  he  found 
that  official  dnties  connected  with  the  Presidency  of  the  Academy 
of  Sciences  prevented  his  being  absent  from  Paris  at  this  time. 
He  held  in  bis  hand  a  letter  in  which  M.  Dauhree  desired  to  testify 
his  gratitude  to  the  Society  not  only  fnv  the  honour  done  to  him  on 
this  occasion,  but  also  for  the  previous  award  of  the  WoUaston  I'und 
in  1861,  and  more  partioular^  for  the  kindly  interest  expressed  hy 
our  Presidents  the  late  Sir  Koderick  Murchison  and  Mr.  Leonard 
Homer  in  the  course  of  experimental  researches  then  recently  com- 
menced, which  had  l)ecn  a  jmwcrfnl  encouragement  to  him  in  fol- 
lowing out  that  particular  line  of  work  ;  and  he  was  the  more 
anxious  to  record  this  as  these  distinguished  leaders  of  our  science 
were  no  longer  with  us. 
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AWABO  OP  THB  KVBCHIIOir  MsDAL  AJID  FVXD. 

The  Prbuidext  next  handed  the  Murchison  Medal  and  the  pro- 
ceeds of  the  Murchison  Donation  Fund  to  Mr.  B.  ExmsBmaB,  F.R.2S., 
F.G.8.,  and  addxeased  him  as  follows : — 

Mr.  ErfiBBiMie, — 

In  this  room  and  heforo  this  aasembly  Ife  is  hazdlj  noeasiary  for 
me,  in  presenting  yoa  wiUi  the  Morohison  Medal,  to  enter  into  any 
explanations  of  the  leasons  which  have  induced  the  Gounoil  to 
award  it  to  you.  Your  published  writings,  the  greater  part  of 
which  have  rip]>eared  in  our  '  Quarterly  Journal,'  and  must  be  well 
known  and  highly  appreciated  by  most  of  us  here  present,  would 
alone  suffice  to  justify  the  Council  iu  their  award.  But  when  we 
take  into  oonaidentlon  your  long-contmned  palseontobgioal  woslc  in 
oonnezion  with  the  Mnaeom  of  the  Geological  Smrey,  the  reanlta  of 
which  have  silently  exerted  so  groat  an  influence  upon  the  progress 
of  geolog}*  in  this  country,  yoor  constant  help  to  others  in  their  in- 
vestigrations,  and  your  labours  as  a  teacher  in  connexion  with  the 
Sehoul  of  Klines,  which  must  haV'e  brought  i'ortli  much  good  fruit, 
I  think  every  one  will  acknowledge  that  you  are  fully  entitled  to 
all  the  honours  which  liie  Geologioal  Society  can  eonfer  upon  yoo. 
I  must  refer  espedally  to  the  Talnabls  Caialogiie  of  British  Fosnls 
upon  which  you  have  so  long  beon  engaged,  to  assiflt  yoa  in  the 
completion  of  which  the  Council  have  joined  to  the  award  of  the 
Murchison  Medal  the  whole  proceeds  of  the  Fund  £or  the  present 
year. 

Mr.  Ethesibge,  in  reply,  said : — 
Mr.  Fabsipssx, — 

This  is  the  second  time  the  CSonncil  of  the  Geological  Society 
has  conferred  upon  me  the  honour  of  being  one  of  its  recipients. 
In  1871  I  was  presented  with  the  balance  of  the  Wollaston  Fund; 
and  to-day  1  receive,  at  your  hands,  evidence  of  the  marked  distinc- 
tion and  approbation  of  the  feociety  in  being  selected  to  receive  both 
the  MorcUson  Medal  and  Fnnd.  I  am  indeed  gratified  at  bebg 
its  present  rseipient.  Sir  Boderick  MnrohiBon  was  for  fifteen  years 
my  esteemed  chief  and  Tallied  friend  ;  I  therefore  attach  especial 
Talne  to  this  mark  of  your  approbation  of  nny  labour  that  I  have 
done  in  the  cause  of  that  science  for  which  the  Medal  was  founded. 
To  me  no  labour  in  the  field  of  natural  science  is  too  great  to  bo 
devoted  to  carrjing  out  those  duties  1  have  to  perform ;  and  tlie 
reward  bestowed  upon  me  to-day  I  hope  still  to  merit  and  repay, 
fhrongh  work  yet  to  be  done  for  onr  Society,  and  1^  aiding  others 
to  spread  abroad  the  truths  of  natore  as  tonght  through  geological 
and  paleontologioal  research. 


lOL,  xxxn.  d 
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AWAJ&D  OF  IHB  LtELL  MeDAL. 

The  Pbesident  then  presented  tbe  Lyell  Medal  to  !Mr.  Jomr  Erim, 
D.CJi.,  I1L.B.,  FJLS.,  F.QA,,  and  addressed  him  as  follows: — 

Dr.  Evans, — 

The  Council  has  awarded  to  yon  the  Lyell  ^ledal  and  the  sum  of 
twenty  guineas  from  the  proceeds  of  the  fund,  in  recognition  of  your 
distingnished  services  to  geological  seiencc,  espeoially  in  the  depart- 
ment of  post-tertiary  geology.  I  can  well  remember  the  time  when 
there  appeared  to  be  an  almost  impassable  ^ulf  between  anti- 
quarians and  {geologists ;  but  you  and  your  fellow  workers  have  so 
completely  bri(lq;ed  over  that  gulf,  that  we  now  can  scarcely  say 
where  archiin)loLry  ends  and  pjenloiry  he^in?,  nor  wliether  to  rank 
and  value  you  moat  as  an  aiitii^uary  or  a  geologist.  Your  long* 
oontinned  lahonre  and  valnahle  writings  on  flint  implements  have 
equally  advanced  both  the  sciences  to  which  I  have  alluded,  and 
thrown  great  light  on  Uiat  most  interesting  problem — the  antiquity 
of  man.  As  another  claim  on  our  hi^jhest  regard,  I  would  refer  to 
the  great  sen'ices  you  have  rendered  to  this  Society  in  every  ])ossible 
way  that  could  advance  its  interests  and  that  of  our  science.  We 
feel  assured  that  the  founder  of  this  Medal  would  have  heartily  ap- 
proved of  the  award,  since  your  researches  have  been  so  intimatdy 
connected  with  thcee  subjects  which  in  his  later  years  attracted  so 
much  of  his  attention. 

Dr.  £?A58  in  reply,  said : — 

Mr.  PaEsiDEirT, — 

It  is  with  much  gratification  that  I  receive  this  award  at  your 
hands,  for  I  regard  it  not  only  as  a  kindly  mark  of  appreciation  on 
tiie  part  of  yourself  and  the  Council,  hut  also  as  a  memorial  of  my 

old  and  valued  friend  and  master  Sir  Cliarles  Lyell,  This  Medal 
luis,  indeed,  a  peculiar  interest  to  me  in  connexion  with  him  ;  for  it 
was  while  I  was  one  of  your  Secretaries  that  he  did  me  the  honour 
of  consulting  me  as  to  the  foundation  of  this  fund;  and,  sub- 
sequently, it  was  as  your  President  that  I  bad  the  satisfaction  of 
handing  the  first  L\  eU  Medal  and  the  first  proceeds  of  the  Fund  to 
no  less  distinguished  a  geologist  and  palicontologist  tlian  Prof. 
Morris.  T  am  highly  datt«'red  to  find  myself  associated  \y'\\h  liim 
and  other  eminent  geologists  in  the  list  of  the  recijnents  of  tliis 
Medal,  and  only  wish  that  I  was  equally  deserving  of  the  honour. 
What  little  I  may  have  done,  either  directly  or  indirectly,  to  pro- 
mote the  advance  of  geological  knowledge,  has  been  mainly  the 
result  of  my  now  somewhat  long  connexion  with  this  Society,  and 
the  many  valuable  and,  I  ho])e,  enduring  friendships  with  its  i'ellows 
that  I  have  thus  been  enabled  to  make.  This  connexion  is  one 
upon  which  T  look  back  with  unalloyed  satisfaction,  and  of  which 
this  Medal  will  always  preserve  the  record. 
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AwABD  OF  XHB  WoiLisiov  BoirATiov-Finro. 

The  Vsaaaaan  next  presented  the  balance  of  the  proceeds  of  the 
WoUaston  Donation  Fnnd  to  Mr.  TaoitAa  Dajob,  F.G-J9.,  and  ad-' 
dnaaed  him  aa  f^wa: — 

Mr.  Daties, — 

The  Council  of  this  Societj-  has  awarded  to  you  the  balance  of  the 
proceeds  of  the  WoUaston  Fund,  as  a  testimony  of  the  value  of  your 
researches  in  mineralogy  and  lithology,  and  to  assist  you  in  the 
further  examination  of  the  mieroaoopo  atraetnre  of  roeka.  I  need 
haidly  say  hov  mnoh  thia  anbjeet  daima  my  own  sympathy,  and  we 
feel  assured  that  it  would  also  have  secured  that  of  the  founder  of 
the  Aind.  I  am  astonished  at  the  rapid  growth  of  this  branch  of 
inquiry  since,  some  thirty  years  ago,  I  with  my  own  hands  prepared 
the  fii-st  thin  sections  of  rocks  for  geological  purposes.  Very  much, 
however,  remains  to  ho  learned ;  and  we  hope  that  the  award  of  the 
Council  will  enable  yon  to  still  farther  extend  yonr  inquirieo. 
Yaloable  as  have  been  the  resnlta  which  you  have  made  public,  we 
all  feel  that  in  many  eaaea  you  have  still  further  advanced  oar 
science  by  the  generous  assistance  which  you  have  afforded  to  others. 
As  a  slight  token  of  our  regard,  we  beg  you  will  accept  the  usual 
balance  of  the  VVolluston  fund,  which  I  now  present  to  you. 

^Ir.  Davits  replied 

Mr.  Pbesident, — 
I  am  deeply  sensible  of  the  honour  conferred  upon  me  by  the 
Council  in  making  me  this  award,  and  X  beg  to  tender  them  my 

sincere  thanks. 

That  branch  of  the  science  of  mineralogy  which  embraces  the 
habits,  associations,  and  modea  of  oeonrrenoe  of  mineral  species  haa 
long  iMOn  of  special  interest  to  me.  The  gratification  derived  from 
having  been  enabled  to  apply  the  knowledge  1  have  gained  in  assist- 
ing others  to  elucidate  the  structure  and  probable  origin  of  some  of 
the  older  rocks,  is  now  greatly  enhanced  by  this  recognition.  I 
regard  it  also  as  an  incentive  to  the  continuance  of  this  work,  which 
now  occupies  so  many  scientific  minds  both  at  home  and  abroad. 


AWABO  OF  XEB  LXBLL  GbOLOOICAL  f  UKD. 

In  iHWM«ng  to  Prof.  Sbblvt,  F.B.S.,  F.G.8.,  the  baknoe  of  the 
b  of  the  LyeU  Fund,  for  transmission  to  Ftof.  F.  QrairsiBDT, 


proceed 
F.M.GJ 


the  PaansBBT  said  :— 

Professor  Seeley, — 
It  is  with  much  pleasure  that  T  hand  to  you  the  balance  of  the 
proceeds  of  the  LyeU  Donation  1  und  fur  trausmis6ion  to  Professor 
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Quenstedt,  of  Tiibingen,  to  whom  it  haa  been  awarded  by  the 
Ck>uncil  of  the  Society.  Professor  Quenstedt's  labours  ia  yarious 
departmentB  of  gedogy,  eztendiiig  oret  a  period  of  mora  than  five 
and  forty  years ;  his  published  wiitangs,  oonzmencing  witb  memoiiB 
ou  mincralogical  sulijectB  in  the  year  1835,  followed  very  shortly  by 
others  dealing  with  pnl.Tontological  matters,  culminating  in  his 
admirnblo.  Manuals  of  TaUixintolog}'  and  ^Mineralogy,  published 
respectively  in  l&oiJ  and  is')4,  iind  of  which  several  later  editions 
have  appeared, — ^in  his  great  work  *  Der  Jura,'  on  the  Jurassic  rocks 
of  Sontham  Qennany, — and  in  his  magnifiQont  ^  Petra&otenkonde 
Daataohlands,'  commenced  in  1846,  and  still  in  progress;  his 
renown  as  a  snooessful  teacher  of  geology  and  minersdogy ;  and  hii 
services  to  science  by  the  establishment  of  the  fine  Museum  over 
which  he  so  worthily  presides  at  Tubingen,  have  already  been 
recognized  by  this  Society  in  his  election  a^  a  f'oreign  Corre- 
spondent  in  1863,  and  as  a  Foreign  Membor  in  1875.  It  is  with 
the  purposa  of  showing  thair  oontinned  appreciation  of  thase  labours, 
and  especially  to  aid  the  distinguished  Professor  in  the  completion 
of  his  last-mentioned  great  work,  that  the  Council  have  decided  to 
award  to  him  the  balance  of  the  Lyell  Donation  Fund;  and  in 
placing  it  in  your  hands  I  have  to  beg  that  ynu  will  request  his 
acceptance  of  it  in  the  spirit  in  which  it  is  ofiered. 

Professor  Seeley,  in  reply,  said, — 

Mr.  PassmxHT, — 

I  am  rare  that  Professor  Qnenatedt  ivill  gratefully  appreciate  the 
terms  in  which  you  have  expgresaed,  on  behalf  of  the  Geological 
Society,  admiration  for  his  great  efforts  to  advance  geological  science. 
Upwards  of  seventy  years  of  age,  he  is  labouring  with  the  energy 
of  mature  powers ;  but  with  unaffected  modesty  expresses  to  me 
astomshment  that  his  work,  which  is  still  nnfinished,  should  have 
been  thought  worthy  of  this  award.  The  fact  that  the  Fund  is 
associated  with  the  name  of  the  great  master  Sir  Charles  Lyell 
f^ves  it  for  him  an  additional  value  ;  for  so  far  back  as  1857  Sir 
Charles  sent  to  Prof.  Quenstedt  his  own  clinometer,  and  in  many 
wa^'S  in  alter  years  gave  evidence  of  sympathy  with  the  investi- 
gatuma  of  the  distingaiflhed  teacher  of  Tubuigen.  I  may  say  that 
in  theae  days  of  diTieion  of  labour  one  thinks  with  wonder  of  the 
Tariety  of  ProU  Quenstedt's  work,  signalized  as  it  has  been  by 
success  in  every  department.  The  perfection  of  his  work  may, 
pcrliaps,  be  summed  up  in  the  one  word  "  thoroughness,"  for  it 
begins  with  an  almost  unrivalled  development  of  the  treasures  in 
his  wonderful  museum,  uud  cidminates  in  the  rare  courtesy  and 
singleness  of  heart  with  which  he  oommunieatea  to  others  the 
treasoree  thns  stored  in  lus  mind.'  I  am  sore  he  will  gratef^y 
accept  this  award  in  the  spirit  in  which  it  is  offered,  and  for  tlie 
further  adyaneement  of  scienoe. 
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THE  AliNIVEHiiAilY  ADDRESS  OF  THE  PRESIDENT, 

HmiT  Cmxoir  Bobbt*  Esq.,  LL.D.,  F  JUS. 

In  accordance  with  tho  iieual  practice,  I  havo  to  preface  my 
address  with  6omc  brief  ohitaar}'  notices  of  a  few  of  tho6o  Fellows 
and  ForagnMeniben  whose  loes  has  been  announoed  to  the  Sociefy 
in  the  eoone  of  the  part  year*. 

James  Xicol,  F.R.f^.E.,  F.G.S.,  &c.,  Prolessor  of  Xatiiral  History 
in  the  Uiiivorsitj'  of  Aberdeen,  was  born  in  1810,  in  the  Manse  of 
Traqoair,  near  Inverleitheu,  Peeblesshire.  His  father,  tho  Rer. 
James  Kicol,  the  Minister  of  the  parish,  and  widely  bown  for  his 
poetical  writings,  was  a  man  of  refined  tastes,  and  enjoyed  the  friend- 
ship of  the  more  prominent  men  in  adoncc  and  literahire  in  his  day, 
from  Sir  David  Browst<^r  to  Wordswortli.  On  tho  death  of  his 
father  in  1S1J>,  young  Nicol  removed  with  the  faraily  to  the  neigh- 
bouring village  of  luverleithen.  Here  his  early  education  was  com- 
pleted, partly  in  the  parish  sohool,  partly  in  private,  under  tho  fos- 
tering care  and  goidanoe  of  the  Ber.  Mr.  Pbto,  the  Ifinister  of  the 
parish.  The  daily  ramble  of  tho  young  scholar  amid  the  hold  and 
pictoieaqne  sooner}'  of  his  native  district,  led  him  early  to  study  its 
geolojry,  which  at  that  time  was  wholly  unknown.  The  sbscnco  of 
fossils  and  of  intelligible  sections  among  these  old  rocks,  as  contrasted 
with  their  great  interest  from  the  miuoralogical  and  petrographical 
points  of  view,  had  Iheir  natural  eflEeot  in  directing  his  attention 
mort  especially  to  the  mineralogical  aspeet  of  geology.  The  early 
hias  thns  (wiginated  was  probably  fixed  for  life  by  his  subsequent 
attendance  at  tho  classes  of  Professor  Jameson.  Ho  entered  the 
Unirersity  of  Edinburgh  in  1 8:25  ;  and  after  passing  the  Arts  course, 
ho  attended  the  Divinity  Hall.  After  completing  his  studies  in 
Edinburgh,  he  crossed  over  to  Uermauy  and  studied  at  the  Univer- 
sities of  Berlin  and  Bonn,  where  he  workiod.  with  the  mort  fSuDooa 
minenlogists  of  his  day.  flis  studies,  however,  were  not  ezoliisiTely 
eonfined  to  natural  science.  He  seems  to  have  had  a  rare  faculty  for 
the  acquisition  of  knowledge ;  and  his  acquaintance  with  the  snhjert 
ho  studied  was  always  exact  and  profound. 

On  thu  completion  of  his  University  studies,  lie  returned  to  his 
native  valley  of  tho  Tweed,  and  devoted  himself  to  the  miravelling 
of  the  more  obaeore  problems  of  its  geology.  In  1841  he  obtsined 
the  piise  awarded  by  the  Highland  Society  for  an  ossay  on  the  Geo- 
logy of  Peeblesshire,  and  subsequently  a  second  for  his  essay  on  the 
Geology  of  the  neighbouring  county  of  Roxburghshire.  In  the  first 
of  these  publications  the  presence  of  fossils  in  the  lower  Palajozoic 
rocks  of  the  Inverleithen  district  was  made  known  for  the  first  time 
to  the  scientific  world. 

*  In  the  preparation  of  theee  notices  I  liavo  to  acknowledge  with  thanks 
■wiitnnm  veorivtd  frosi  Mr.  H.  BMMnnaii,  Mr.  0.  Lapworth,  Pro£  Se^y, 
Dr.  H.  WoodwBid,  sod  the  jbiiitant  Soeretsiy. 
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The  next  few  years  were  apparently  apent  by  him  in  extended  geo- 

logical  joomeys  throughout  Scotland,  more  oRpecially  in  its  southern 
•  portions.  The  fruits  of  these  iiivesti;^';itioun,  us  sup2)lcmentarj'  to 
those  of  his  more  immediate  predccessor8  in  this  field,  were  given  to 
the  woiM  in  a  work  entitled  *  A  Guide  to  the  Geology  of  Scotland/ 
ThiB  littie  book,  which  was  wy  caraftilly  lUiutzated  by  plates  and 
a  small  mxp  of  Sootibnid,  was  a  valuable  production  In  its  day,  and 
bears  u^)on  every  page  the  marks  of  the  untiring  eneigy  and  in- 
dustry of  its  young  author,  and  of  his  o»tendad  with 
the  geognosy  of  his  native  land. 

In  1847  we  find  him  appointed  Assistant  Secretary  to  the  Geo- 
logical Soeiely  of  London.  Hero  he  edited  the  '  Quarterly  Journal ' 
of  the  Sottisfy,  and  gained  the  friendship  of  many  itt  that  illnatriona 
group  of  British  geologists  which  then  assembled  at  its  Meetings. 
In  this  congOTiifil  atmosphere  Nicol's  minoralogical  studies  were 
prosecuted  with  increased  ardour;  and  in  1SI!I  he  ])ublishcd  his 
well-known  text-book  of  mineralogy,  which  even  at  the  present 
day  holds  no  mean  place  among  our  books  of  referenoe. 

First  among  his  geological  friands  stood  Sir  B.  Muvobison ;  and 
tiuong^  his  iniluenoe»  with  that  of  Sir  H.  Do  la  Beohe  end  Sir  Gharlso 
Lyell,  Nicol  was  appointed  in  1849  to  the  post  of  Professor  of  Geo- 
logy in  Queen's  College,  Cork.  In  1853  ho  relinquished  the  post 
for  the  more  lucrative  position  of  Professor  of  Natural  Historj'  in 
the  I/niversity  of  Aberdeen.  This  he  retained  till  his  death,  which 
took  place  in  1879. 

In  raite  of  his  piwUloction  for  mineralogy,  it  is  beyond  questioa 
that  ificol  will  be  remembered  among  us  here  less  for  his  mino- 
xalogical  works  than  for  his  numerous  and  valuable  memoirs  upon 
the  8tratigra])hy  of  Scotland.  His  papers  upon  the  (ieology  of  the 
Southern  U)>lands  of  Scotland  are  of  especial  int^Test  and  value.  In 
184S  he  published  in  our  Journal  an  elaborate  memoir  *'  On  tho 
llocks  of  tho  Valley  of  the  Tweed"  (Quart.  Joum.  G.  S.  iv.  p. 
195),  demonstrating  their  fessiliferoQS  eharacter,  and  giving  the  first 
general  view  of  the  entire  succession  among  the  transition-rocks  of 
South  Scotland,  and  applying  to  them  for  tiio  first  time  the  title  of 
Silurian.  ThiH  was  succeeded  in  1849  by  a  memoir  "  On  the  Silurian 
Rocks  of  the  S.E.  of  Scotland  "  (Q.  ,T.  G.  S.  vol.  vi.  p.  .5:^),  in  wliich 
for  the  first  time  Graptolites  were  figured  from  these  ancient  deposits. 
In  1850  ha  aeeompaniod  his  tnekd  8ir  B.  Murchison  in  a  tour 
throned  the  Southern  Uplands,  and  aided  him  in  his  detailed  investi- 
gation of  tho  geology  of  the  fossiliforoua  Girvan  area.  In  1852  he 
communicated  a  com])k'lc'  n  .tiime  of  the  results  of  his  extended  re- 
searches into  the  geological  stnicture  of  the  Southern  T"i)lands,  illus- 
trating it  by  tiie  tirst  comj)lete  transverse  section  through  tho  Silu- 
rian rocks  from  tho  Pentlands  to  the  Cheviots.  A  reduced  copy  of 
tills  section  has  illustrated  all  the  subsequent  editions  of  Murchison's 
*  Siluria,'  and  stands  substantially  unmodified  in  tiie  official  publica- 
tions on  South-Scottish  geology. 

On  his  translation  to  the  Univorfity  of  Aberdeen  in  1853,  Nicol 
transferred  tho  sphere  of  his  geological  iuveetigatioDs  to  the  meta* 
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mofpiiM  JwUm  of  tlit  Highlands,  whioh  he  had  as  early  as  1844 
been  the  Anfe  to  soggett  wflnproheUjof  tiie  same  geologieal  age  as 
thoee  of  the  Soatheni  Uplands.  In  1855,  in  his  paper  "  On  the  Bee- 
tions  of  Mctamorphic  and  Devonian  Books  of  the  Eastern  Extremity 

of  the  Grampians"  (Quart.  Journ.  vol.  xi.  p.  544),  ho  proved  the 
existence  of  a  grand  fault  between  the  metjimorjjhic  rockH  and  the 
Old  Ked  Sandstone  of  Kincardine  and  Forfar.  The  same  year  he 
minted  tiieweH-knofwn  Terridon  and  Dnmess  area  in  the  north-wesi: 
Tfigltliiwde  i&  company  witii  Sir  JL  ICnrcfaison/m  oider  to  verify 
Mr.  Peeeh's  discovery  of  fossils  in  the  metamorphio  limestone  of 
that  region.  On  his  return  he  communicated  an  independent 
memoir  to  the  Geological  Society  (Quart.  Joum.  vol.  xiii.  p.  17), 
in  which  he  claims  to  have  published  for  the  first  time  what  is 
now  the  generally  accepted  order  of  suocession,  viz. : — (a)  Lower 
Gneiss ;  (6)  Conglomento  and  Bed  Sandstone ;  (c)  Qnartsite ;  {d) 
limestone,  eveilain  by  (s)  en  Upper  Gneiss.  Aigomg  mainly 
tram  the  petrographical  charaofcer  of  these  rooks,  he  threw  ont 
the  BU^ostion  that  the  Terridon  Sandstone  might  be  of  Devo- 
nian age,  and  that  the  overlying  limestone  and  gneiss  might  be 
of  the  ago  of  the  Lower  Carboiiiferous.  After  Mr.  Salter's  demon- 
stration that  the  fossils  of  the  Durness  Limestone  were  not  Carboni- 
fsfons,  bat  belonging  to  tiie  deepest  lone  ef  Hufdhison's  Bihuian, 
Kicol  agam  Tisited  tiie  north-west  Highlands.  In  a  memoir  g^nng 
the  chief  results  of  this  expedition  (Quart.  Joum.  Geol.  Sec.  xvii. 
p.  85)  he  retracted  his  former  admission  of  an  Upper  Gneiss, 
superior  to  the  Durness  Limestone  ;  and  claimed  to  have  proved  that 
the  line  of  deniarcation  between  the  Durness  series  and  the  eastern 
gneiss  of  Central  Sutherlandshire  is  actually  a  line  of  fault,  the  Tor- 
xidon  and  Bnrneas  sbata  always  orerlylng  or  abutting  against,  bnt 
new  dipping  nnder,  tiieeastem  gneiss.  These  new  opinionB  led  to 
a  keen  controversy  between  himself  and  his  old  friend  Sir  B.  Ifnr- 
chison  ;  but  after  the  publication  of  two  additional  memoirs  on  the 
subject  in  1862  and  1863,  in  which  ho  defended  his  view  that  the 
central  gneiss  of  the  Highlands  is  of  the  same  general  geological  age 
as  the  Lewisian  gneiss  of  the  Outer  Hebrides,  and  that  the  only 
metamofphie  atrato  that  oan  aafely  be  sailed  Silurian  are  the  lees- 
altered  roeka  npon  the  outer  borders  of  the  Hig^nde,  he  eeased  to 
contribute  papers  to  our  Society  upon  the  subject.  A  little  work  on 
the  Geolog}'  and  Scenery  of  the  North  of  Scotland  contains  his  last 
published  words  ujK>n  the  controversy.  He  never  ceased  to  wander, 
however,  year  after  year,  among  these  Highland  rocks  in  search  of 
fresh  evidence  in  support  of  his  view.  Though  ho  never  published 
tiie  results  of  these  later  investigations,  he  remained  folly  oonvineed 
of  the  correetoess  of  his  own  view  upon  this  question  till  the  day  of 
hia  death.  His  opinions  upon  the  Highland  sncoession  were  shared 
by  a  ven'  few  geologists  in  his  day  ;  but  there  is  every  probability 
that  the  whole  question  wUl  soon  be  reopened  by  those  who  believe 
that  an  opinion  held  so  long  and  so  tenaciously  by  such  a  modest  and 
patient  investigator  as  Nicol  is  certain  to  have  been  founded  upon 
solid  gnmnds. 
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In  addition  to  the  papers  already  noticed,  Nicol  contributed  me- 
moirB  to  this  Society  upon  the  New  Red  Sandstone  of  the  N.W. 
Scotland  (Quart.  Joum.  Geol.  Soc.  xiv.  p.  167.)>  and  upon  the 
'  Parallel  Koads  of  Glen  lioy/'  which  he  contended  were  essentially 
marine  in  their  origin. 

Ill  literary  and  aosentific  labour  Nieol  was  mdafiEitigable.  The 
woika  we  have  leferred  t»  f omi  Irat  a  smaU  fraotaon  of  his  muUafa^ 
nous  pubHoationa.  His  Geological  Map  of  Scotland,  published  n 
1858,  was  in  every  respect  the  best  in  its  day.  In  addition  to  the 
*  Manual  of  Mineralogy,' he  published  a  smaller  work,  the  '•  Elomeuts,' 
ui)on  the  same  subject,  which  is  now  in  it.s  second  edition  ;  and  it 
still  forms  the  article  "  Mineralogj'  "  in  the  '  Encyclopajdia  liritau- 
niea,'  to  wfaioh,  as  to  many  of  the  leading  Magazines,  he  waa  a  Toln- 
auninia  and  Talned  eontribntor. 

Hj8  sturdy  frame  and  indomitable  strength  of  will  bore  him  un- 
harmed through  countless  gcoloirical  journeys  that  would  have  over- 
tasked the  majority  of  men.  His  genial  companionable  nature  gained 
him  the  hearty  lovo  of  his  students  and  the  nnching  affection  of  his 
many  friends.  Ever  of  singleness  and  purity  of  purjwse,  he  dis- 
dained to  Bwerre  from  what  he  felt  to  be  the  proper  path,  eitlier  in 
the  interest  of  anthority  or  ezpedienoy ;  bat  for  those  whom  be  eonld 
aid  by  his  friendahip  or  example,  bis  patience  was  inezbanstible  and 
bis  generosity  unbounded. 

Sir  Walter  Calverlbt  Trevet.yax,  Bart.,  M.A.,  F.S.A.,  F.R.S.E., 
F.G.S.,  &c.,  of  Xcttlecombe,  Somerset,  and  WuUiiigton,  Xewcastle- 
on-Tyne,  Northumberland,  was  the  sixth  J3:ironet  of  this  line*,  and 
born  in  1797.  He  was  educated  at  Harrow,  and  early  displayed  a  love 
for  Nataral-bistor}'  pnrsoits,  espedally  Botany,  his  chosen  school- 
fellow being  the  late  Mr.  Fox  Talbot  (afterwards  the  chief  discoverer 
of  photography).  From  Harrow  Sir  Walter  went  to  University 
College,  Oxford,  where  he  engerly  attended  the  lectures  of  the 
Botanical  and  (rcological  Professors:  and  after  taking  his  M.A. 
degree,  he  proceeded,  in  to  Edinburgh  to  pursue  further  his 

scientific  studies. 

In  1817  be  was  elected  a  Fellow  of  this  Society,  and  in  1827  he 
read  his  first  pa])cr : — 

(1)  "  On  a  Whin-dyke  in  Cooper  Colliery  near  Blithe,  I^"orthum- 
berland*'  (Trans.  GcoL  Soc  1829,  vol.  ii.pp.  405,406;  Proc  GeoL 
Soc.  18;U,  vol.  i.  p.  2ri). 

His  subsequent  communications  to  this  Society  were  as  fuilown  : — 

(2)  "  Indications  of  recent  Elevations  in  the  Islands  of  Guerasey 
and  Jersey,  and  on  the  Coast  of  Jutland,  and  on  some  Tertiary  Beds 
near  Porto  d'Anzio"  (Proc.  Geol.  Soc.  vol.  ii.  1838,  pp.  577,  578). 

(3)  "  On  Fractured  Boulders  found  at  Auchmithie  near  Arbroath** 
(Quart.  Joum.  Geol.  Soc.  1845,  ])p.  147.  MS). 

(4 )  "  On  Scratched  Surfaces  of  Itock  near  Mount  Parnassus  "  (Proc. 
Geol.  Soc.  1840,  vol.  iv.  p.  203). 

*  TrerelyanofNetilMOinbe^  Somsnet*  Onatien  1661. 
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'  In  1821  bevintcd  the  Faroe IslandB, and  redded  there  for  sometime, 
making  nnmerons  observations  on  their  refutation  and  temperature. 
Seventeen  ont  of  the  twenty-two  islands  were  inhabited  at  that  date. 
(Sec  his  published  account  in  *  Jameson's  Edinburgh  New  Philo- 
sophical Journal/  for  1835,  vol.  xviiL,  printed  in  4to  for  private 
dzeolatkm  in  1837). 

Between  1885  and  1846  he  travelled  much  in  the  aoinih  of 
Europe,  and  made  observations  on  the  Tertiary  Geology  ci  the 
Italian  Peninsula,  and  upon  the  tides  in  the  Mediterranean. 

Ho  succeeded  to  the  title  on  the  23rd  May,  ]84(>,  together  with 
the  fine  landed  estates  belonging  to  his  family  in  Northumberland, 
Somersetshire, Devonshire,  and  Cornwall;  and  during  the  thirt} -three 
3rean  in  which  he  held  the  title  and  property,  he  made  very  ex- 
tensive improvements,  thus  permanently  increasing  ^he  valne  at  his 
inheritance.  He  made  the  farmhouses  and  cottages  on  his  estates 
models  of  what  such  dwellini^s  should  be.  He  also  did  much  towards 
improving  the  breed  of  shorthorn  cattle,  of  which  ISir  Walter  possessed 
an  extensive  herd. 

He  was  not  only  an  accomplished  botanist  and  geologist,  but  he 
was  also  an  ezoellent  authority  on  antiquarian  and  topographical 
subjects,  and  liberally  supported  all  projects  for  the  increase  and 
development  of  knowledge. 

Of  the  three  interesting  volumes  of  *  Trcvelyan  Papers  '  published 
by  the  Camden  Society,  the  last  was  edited  by  Sir  Walter  in  con- 
^  junction  wilh  his  cousin  Sir  Charles  Trevelyon,  Bart,  (who  succeeds 
'to  the  family  estates). 

For  a  long  period  he  maintained  an  extensive  conespcndence  with 
a  wide  cirde  of  literary'  and  scientific  men,  both  at  home  and  abroad, 
and  was  an  ardent  collector  of  both  scientific  books  and  specimens. 

Sir  Walter  Trevelyan's  Museum  at  Wallinirtoii  contained  a  good 
scries  of  British  and  Italian  fossils,  valuable  collections  of  minerals 
and  recent  bhells,  u  good  series  of  Ethnological  specimens,  together 
with  a  general  Natinal-ffistory  collection  of  objects,  most  of  which 
he  had  himself  obtained  during  his  travels. 

To  the  British  Museum,  the  Museum  of  Practical  Geolog}-,  the 
South-Kensington  Museum,  the  Museumsof  Oxford,  Kew,  Edinburgh, 
Newcastlo-npon-Tyne,  the  Koyal  Geographical  Society,  the  Society 
of  Antiquaries,  London  and  Stollaiid.  and  many  other  societies  and 
institutions  Sir  Walter  Trevolyuu  was  a  munificent  benefactor. 

He  took  the  most  lively  interest  in  tho  improvement  and  ad- 
vancement of  the  New  Ifusenm  of  the  Univcnify  of  Oxford,  towards 
the  cost  of  which  he  also  liberally  contributed. 

He  died  at  Wallington,  Northumberland,  on  March  23, 187d,  in 
Ids  ei^t^-seoond  year. 

JoHK  Watekuoube,  P.R.S.,  F.E.A.S.,  F.G.S.,  &c.,  wa^i  born  at 
Halifax,  Yorkshire,  on  the  3rd  of  August,  1806.  His  father,  John 
Waterhouse,  of  Well  Head,  was  the  representative  of  a  fiunily  which 
for  400  years  had  been  intimately  connected  with  the  prosperity  of 
the  town  and  neighbourhood. 
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Very  early  in  life  he  evinced  a  decided  taste  for  scientific  studies ; 
and  the  training  wliich  he  received  at  school  only  served  to  increase 
this  prefenmce,  and  enabled  him  to  obtain  a  sufficient  knowledge  of 
mafhematkal  toience,  whidihe  tamed  to  good  aoooimt  in  after  yean 
in  the  Tarioiu  branehee  of  physioal  reeeareh  to  which  he  gave  aken- 
tion.  A  certain  weakness  of  constitution  which  prevented  him  in 
his  youth  from  {^reat  physical  exertion,  only  seemod  to  stimulate  hia 
mental  activity ;  and  when,  in  search  of  change  of  climat(»  with  a  view 
to  invigorate  his  health,  he  undertook  a  voyage  round  the  world, 
the  training  which  he  had  received  and  the  bent  of  hifi  mind  enabled 
him  to  leoord  hia  obaenratioiiB  in  a  journal  whidi  is  a  atorehonae  of 
aoientific  fwtfa  and  notices,  and  whieh,  had  hia  modesty  not  shrank 
ftom  hafing  it  printed,  would  hsfo  proved  the  reooid  of  a  ^'Scientifle 
Expedition "  when  such  journeys  were  far  less  numerous  than  at 
present,  and  attended  by  lar  greater  iuconveniencen.  During  this 
voyage,  his  love  of  nature  and  the  wide  range  of  his  scientific  tastes 
acquired  an  increased  stimulus ;  and  when  he  returned  home  his 
ezperienoe  in  oheerTstion  and  hia  knowledge  of  natmal  phenomena 
in  difiluent  parts  of  the  worid  enabled  him  to  enter  wiUi  renewed 
pleasue  into  the  len  aetiye  atody  ot  the  phyaioo-matiiematical 
aoiences. 

He  established  an  UiStronomical  and  meteorological  olwervatory, 
and  in  connexion  with  the  latter  published  a  few  years  ago  a  com- 
plete work  on  the  Meteorology  of  Halifax ;  which  will  continue  to 
he  a  model  for  all  saoh  local  obaenrationa. 

Practical  botany  also  engaged  his  attention ;  and  his  gardens  were 
distinguished  throughout  the  neighbourhood  for  the  rich  variety  ot 
their  contents,  especially  in  rare  plants  and  exotics,  of  which  he 
was  justly  ]>roud. 

His  favourite  studies  were  astronomy,  gcolog}',  electricity,  and 
light ;  and  in  connexion  with  the  latter  he  was  identified  with  the 
early  progress  of  photography,  and  with  the  discover}^  by  the  Bev. 
J.  B.  Beade,  F.R.8.,  of  the  metiiod  of  taking  portraits  first  upon 
leather,  and  afterwards  upon  paper,  instead  of  diver  plates  or  glasa» 
and  also  with  the  chemical  means  of  giving  permanence  to  euch 
images. 

He  was  specially  interested  in  the  progress  of  microscopy,  and 
was  himself  both  a  skilful  observer  and  an  adept  at  those  manipu- 
latlona  which  are  necessary  in  the  preparation  of  objecta  for  exa- 
mination. He  was  also  extremely  fond  of  mnsic,  and  was  a  skilful 
performer  on  the  violoncello.  Indeed  he  seemed  able  to  turn  his 
hands  to  any  pursuit ;  and  such  was  the  aptitude  which  he  possessed 
for  grji>*ping  the  g('neral  principles  uiK)n  which  any  practical  opera- 
tion depended,  that  he  speedily  was  enabled  to  do  w  ith  proficiency 
work  which  required,  under  ordinary  circumstances,  years  of  patient 
labour  and  practice. 

As  might  he  expected,  ho  was  also  identified  with  those  movements 
which  had  for  their  object  the  spread  of  scientific  knowledge,  and, 
in  connexion  with  the  local  Literary  and  Fhiloaophical  ^iety  (of 
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which  he  was  one  of  tho  founders  and  for  many  years  President), 
lectured  on  more  than  one  occasion  on  various  scientific  suhjects,  as 
as  well  as  enriched  the  Museum  with  many  choice  objects  of  natural 
hiatofy  ooUected  during  Iub  traveb. 

He  waa  alao  oonnected  with  the  Uaehaiiios^  InatitiitB  dniing  its 
early  years,  and  was  active  as  a  mapstrato,  boinii:  for  many  years 
Chairman  of  the  County  Benoh  at  Halifax,  and  a  Deputy  Lieutenaiit 
for  the  West  Hiding. 

In  later  years  a  stroke  of  paralysis,  vvliich  compelled  his  retire- 
ment into  private  life,  only  made  him  appreciate  more  his  beautiful 
gardena,  aotil  a  aererar  fbfm  of  bia  malady  prerented  aU  mental 
pursuits,  and  finally  terminated  hia  life  on  liie  13&  of  Feibrnaiy, 
1879,  in  the  72nd  year  of  his  age. 

Ho  was  a  Fellow  of  the  Royal  Societ}',  of  the  Royal  Astronomical 
Society,  of  the  Royal  Microscopical  Society,  of  the  Geological  Society, 
and  several  others ;  and  although  a  certain  timidity  of  disposition 
prevented  him  from  making  original  discoveries,  few  men  were  bet- 
ter acquainted  with  the  whole  range  of  aoientiflo  inquiry ;  and  hia 
kind  and  generous  dispoeition,  aa  wieiQ  aa  the  meana  at  his  command, 
enabled  him  to  liberally  assist  many  who  werepnraoing  the  diffienlt 
path  of  original  inveatigation. 

David  Page,  LL.D.,  one  of  the  most  voluminous  writers  of 
oar  day  of  popular  and  ednoatkmal  hooka  on  gedogy,  waa  horn 
on  the  24th  Angnat,  1814^  at  Lochgelly,  in  Ftfeahire,  where  Ida 

father  carried  on  business  as  a  stonemason,  builder,  and  contractor. 
He  received  his  education  at  the  parochial  school ;  but  at  the  early 
of  fourtoon  he  was  sent  to  the  University  of  St.  Andrews,  where 
it  was  intt'iided  that  h(^  should  ytudy  for  tlio  ministry  of  tho  Cliurch 
of  Scotland.  Among  the  utudouta  at  St.  Andrews  at  the  same  time 
were  the  hrotheia  IBUuiy  and  John  Qoodair  and  Dr.  Lyon  Flayfair. 
In  the  ordinary  subjecta  of  instmetion  David  Page  made  eonaidmUe 
progreas,  and,  indeed,  hb  proficienc}'  was  rewarded  by  several 
ooUege  prizes  and  honours ;  hut  the  special  bent  of  his  mind  was  so 
docide<lly  towards  the  study  of  the  natural  scieiiros,  especially 
geology,  that,  after  taking  the  opinion  of  his  friends,  ho  dccidc<l  to 
devote  himself  to  a  scientific  and  literary  career.  So  early  as  1834 
(the  year  in  which  he  left  St.  Andrews)  he  pnUiahed  an  essay  on 
the  Geology  of  Fife  and  Einraas ;  hat  for  aome  yeara  afterwarda 
his  laboQZB  were  probably  confined  to  lectuiee  and  anonymous 
writings,  as,  with  the  exception  of  a  volume  of  poems  (published  in 
183B\  we  do  not  find  his  name  attached  to  any  works  until  after 
his  connexion  "with  Messrs.  Chamhors  had  commonctHl.  This  was  in 
1843,  when  David  Page  was  engaged  to  act  us  contidentiul  litorar}' 
and  hnainesa  adviaer  to  those  enterprising  publiahers;  and  daring 
hki  eonnezion  with  them,  which  lasted  till  1851,  his  inflnence  waa 
felt  in  the  production  of  those  scientific  text-booka  and  otlh  r  articles 
issued  by  tho  firm,  which  undouhtedly  produerd  a  ronsiderable  ditTa- 
aion  of  acientifio  knowledge.   His  earliest  work  publiflhod  after  he 
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had  entered  the  service  of  Messrs.  Chambers,  appeared  in  1844, 
under  the  title  of  *  Bndbnenti  of  Cteology ;  *  and  from  tiiat  time  till 
iho  doee  of  bis  life  it  was  racoeeded  hy  an  nnintemipted  flow  of 
new  books  and  new  editions  treating  of  geology  and  the  collateral 

sciences  from  various  points  of  view. 

Professor  Pajjc  ])ocaTri('  a  Fellow  of  this  Society  in  1851?.  He  was 
also  a  FelloAv  or  Member  of  various  Geological  and  other  learned 
Societies,  and  in  1863  was  President  of  the  newly  reestahlished 
Ctoological  Society  of  Edinburgh.  In  1867  the  UniTersity  of  St. 
Andrews  conferred  upon  him  the  honorary  degree  of  Doctor  of 
Laws.  Finally, in  July  1871,  he  was  appointed  Professor  of  Oeolo^ 
and  Mineralog)'  in  Durham  University  ("ollege  of  Physical  Science, 
a  position  which  he  retiiined  to  the  time  of  his  death,  which  took 
place  at  Newcastle  on  the  IHh  March  1870. 

Besides  the  numerous  educational  and  popular  works  already 
alluded  to,  Professor  Page  read  several  papers,  chiefly  relating  to 
Scottish  Geolog}%  at  the  Meetings  of  the  l^ritish  Association  and 
before  the  Physical  Society  of  Edinburgh  and  tho  Edinburgh  and 
Glasgow  Geological  Societies.  He  nerer  coniribated  to  our  *  Pro- 
ceedings.* 

Prof.  Page's  great  merit  was  that  of  being  one  of  the  earliest, 
and  throughout  his  life  one  of  the  most  successful,  popularizers  of 
geological  ideas.  In  the  preparation  of  text-books,  and  handbooks 
for  more  or  Ic^^s  advanced  stiuh  nts,  and  of  lighter  articles  for  those 
who  can  hardly  yet  be  called  siudents,  and  in  the  delivery  of 
popular  lectures,  he  was  incessantly  active,  notwithstanding  long- 
continued  ill  health  ;  and  in  these  ways,  as  also  by  the  zealous 
discharge  of  his  duties  in  the  College  of  Physical  JScience  at  New- 
castle, he  no  donbt  eontribated  greatly  to  the  geueral  diffusion  of 
geological  knowledge.  In  private  also  his  g^iality  of  character 
and  enthiisiasm  gave  him  considerable  influence  over  the  minds  of 
those  with  whom  he  was  brought  into  contact. 

Carl  BBitxnARi)  von  CorrA  was  born  at  Zillhach,  near  Kisenach, 
in  Thiiringen,  on  the  24th  of  October,  18u^,  and  studied  tirst  at 
the  Mining  Academy  of  Freiberg,  where  be  matriculated  in  1827-31, 
and  snbseipiently  at  the  University  of  Heidelberg,  taking  the  degree 

of  Doctor  of  Philosophy.  From  1800  to  1842  ho  formed  part  of  the 
teaching  staff  and  was  Secretary  of  the  Academy  for  Forestry  and 
Agricultural  Science  at  Tharand.  near  Dresden,  of  which  his  father 
was  the  founder  and  tirst  Director.  This  iu^sociation  led  him  at  first 
to  the  study  of  vegetable  palieontology — his  earliest  work,  that  on 
Bendrolites  (or  fossilized  tree-stems),  which  appeared  in  1832, 
being  founded  upon  the  large  collection  of  fossil  plants  in  his 
father's  possessioTi  at  Tharand;  but  the  greater  attractions  pre- 
sented by  the  strata  in  the  immediate  neighbourhood  and  in  the 
udjadnt  l^lbe  valley  led  him  to  devote  himself  to  field-gcolog)', 
which  thenceforward  liecame  a  principal  work  ot  his  life. 

The  first  place  among  his  numerous  published  works  must  un- 
doubtedly be  given  to  his  geological  maps.  The  idea  of  a  general 
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Geological  Map  of  Haxonj  was  eutertained  as  early  as  1780 ;  and 
during  WeiM't  lifetdme  a  oonuDMioenieiit  was  ma^  hj  dhlding 
tiie  ocnmtiy  Inta  90  districts,  whkih  were  allotted  for  ezamination 
among  the  difPerent  mining-officials  and  otiier  competent  obseiren. 

In  IS^O  tfio  revision  and  reduction  of  these  prelirainarj'  observations 
was  conlidcd  to  ('.  F.  Nauraann,  then  I'rofossor  of  Geology  at 
Freiberg,  witli  a  view  to  their  publication  upon  the  largo  military 
map  of  fcJaxony  on  the  scale  of  j;iOoui>  (rather  more  than  half  an 
ineh  to  a  mile) ;  and  in  a  short  tune  Gotta  beeame  assoeiated  with 
him  in  the  work.  Owing  to  the  great  cost,  however,  only  the 
nune  interesting  portions,  containing  the  kingdom  of  Saxony  proper, 
were  pnl^Hshed,  lietwccn  18M6  and  1844.  These  form  twelve  sheets 
in  a  connected  block,  the  numeration,  however,  being  that  of  the  larger 
military  map.  The  last  of  these  was  pul)lishcd  in  1 843 ;  but  some 
of  the  sheets  have  been  revised  and  issued  at  later  dates.  In 
addition  to  a  short  pamphlet,  a  detailed  desoription  was  dnwn  up 
for  each  sheet ;  but  only  five  of  these  appear  to  have  been  published : 
the  first  two  were  written  by  Naumann,  the  third  by  Naomann  and 
Gotta,  and  the  remainder  by  Ootta  alone. 

^subsequently  tlie  8urvcy  was  extended  to  the  Thuringian 
countr}',  the  map  (forming  four  sheets  on  the  same  scale)  being  pub- 
lished by  Cotta  sdone  in  1845-1847.  These  maps  may  be  considered 
as  the  mrst  ezaot  and  systematic  national  surveys  made  on  the  con- 
tinent of  Europe;  and  they  are  remarkable  for  the  laige  amount  of 
exact  detail  given,  on  what  is  now  regarded  as  a  comparatively 
email  scale — j^eventy  different  colours  and  signs  being  employed  in 
their  construction.  The  improvement  of  geological  cartography 
was  to  the  last  a  favourite  subject  with  this  author;  and  by  one  of 
his  latest  official  acts,  urging  upon  the  Government  the  necessity 
of  larger  and  more  detaOed  m^,  he  was  a  powerfiil  instroment  in 
the  initiation  of  the  new  surrey  on  the  scale  of  j;^^^,  uniform 
with  that  of  Prussia,  which  is  now  being  carried  out  under  the 
direction  of  Dr.  Credner. 

In  1842,  on  the  translation  of  T^aumann  to  the  University  of 
I^eipzig,  Cotta  succeeded  him  as  I'rofessor  of  Geolog}*  at  Freiberg, 
adding  to  his  geological  lectures  in  the  following  year  a  course  on 
falacotology,  and  in  1851  imother  on  the  special  phenomena  of 
mineral  deporits  (Endagerstattenlehre),  which  three  subjects  ho 
taught  continuously  until  his  retirement  in  1874.  From  his  frank 
nnd  genijJ  manner  lie  was  always  a  great  favourite  with  his 
students,  his  classes  Ix  ing  well  ;ittended :  hnt  ho  was  even  more 
successful  as  a  demonstrator  iu  the  held ;  and  his  excursions  were 
always  eztianely  popular,  even  with  those  students  who  were  not 
immediately  connected  witii  his  olaases. 

In  addition  to  works  descriptive  of  geological  maps,  Cotta  was  a  Teiy 
industrious  writer  of  text-books,  ])io|Trap]iical  memoirs,  and  popular 
works  on  geolog}-,  the  total  number  of  his  memoirs  and  other  publica- 
tion.N  anionnting  to  about  eighty.  Among  the  first  the  more  important 
are  his  *  Gcsteinslchrc '  and  'Lehrc  von  den  Erzlagorstatten  ' — the 
former  a  treatise  on  rocks,  which  a])peared  in  1855,  a  second  edition 
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in  1862,  and  an  English  translatiun  by  Mr.  P.  li.  Lawrence,  with 
additioDs  by  the  author,  in  1866.  This  is  intafeeting  aa'beiiig  the 
kat  ayatematic  work  on  the  aubjeot  that  appeared  before  the 
general  applieation  of  miorosoopio  mineralogy  to  the  study  of  rocks. 
The  treatise  on  mitieral  deposits  wns  i«ssno(l  as  a  text-book  for  bis 
Freiber}*  class  in  1854,  the  author  havinf;  commenced,  in  18-17,  a 
miscellany  under  the  title  of  '  Gangstudion  *  ( Lode  studies),  con- 
taining monographs  on  mineral  veins  in  diii'ercnt  cuuutrios,  con- 
tribntod  by  hinuelf  and  otheia,  whieh  was  continued  at  irregular 
intervala  up  to  a  fourth  yolome  in  1862.  In  1869  the  text-book 
was  reprinted  in  an  extended  form  in  two  volumes  ;  and  in  1801  it 
was  rearranged  under  the  title  of  the  '  Mineral  Deposits  of  Europe.* 
An  English  translation,  under  the  title  of  '  A  Treatise  on  Ore 
Deposits,'  by  Mr.  F.  Trime,  was  published  in  ^Vmeriea  in  187'). 

Subsequently  to  1845  mineral  veins  formed  a  chief  object  of 
hia  atody,  hia  attention  being  principally  devoted  to  the  miniog- 
diatiioti  of  the  Eaatem  Alpa,  Hungary,  the  Banat,  and  the  Buko- 
wina,  s])ccial  memoirs  upon  which  were  pubUahod  from  time  to 
time.  In  1808.  on  the  invitation  of  the  Emperor  of  Kussia,  ho 
made  a  summer  trip  to  the  Altai,  the  result  of  his  observations 
being  published  in  a  large  octavo  volume  in  1871. 

Cotta's  popular  and  general  geological  works  have  attained  a 
dronlatioii  in  Gennany  oomparable  witii  those  of  Sir  Charles  Lyell 
in  this  country^  The  more  important  among  these  are : — 1 .  '  Geo- 
logical Letters  upon  Humboldt's  Kosmos,'  1848,  with  a  third  edition 
in  1865;  2.  *  Geological  Pictures,'  a  collection  of  articles  originally 
contributed  to  the  Illastrirte  Zeitung  of  Lei])zig,  of  which  six 
editions  appeared  between  1852  and  1870,  and  a  Kussian  trans- 
lation in  1859 ;  and  3.  *  Modem  Geology '  (Geologic  der  Gegenwart), 
in  whidh  he  sought  to  eatabliih  the  prinoiple  of  development  applied 
by  Darwin  to  the  origin  of  species  as  the  general  law  of  terrestrial 
development,  published  in  1800,  and,  in  a  fourth  edition,  in  1874, 
besides  translations  into  Magyar  and  Kussijin.  The  same  idea 
of  continuous  development  as  a  factor  in  geoiogj'  appears  in  an 
earlier  work,  '  Deutschlunds  Boden,'  in  which  the  influence  of  soil 
and  geological  structure  upon  Ihe  population  of  Germany  la  treated 
at  length.  This  appeared  in  18i54,'  and,  in  a  aeoond  edition,  in 
1858. 

In  1 857-58  he  revised  and  supplied  a  preface  to  a  tianalation  of 
the  5t}i  edition  of  Sir  Charles  Lv ell's  '  Geology.' 

His  latest  work  was  a  commencement  of  a  general  historv  of 
Geology  ;  the  tirst  volume  ^^under  the  title  of  *  Geologischcs  Keperto- 
rium'),  containing  the  tiUes  of  the  principal  works  on  Geology  pub- 
lished between  1546  and  1876,  appeared  in  1877. 

He  was  elected  a  Foreign  Correapondent  of  this  Society  in  1 867, 
and  a  Foreign  ^fember  only  last  year.  After  his  retirement  he  re- 
sided at  Freiberg  until  his  death  on  {September  15, 1870. 

Among  the  Foreign  Memben  of  which  our  Society  has  to  deplore 
010  lota,  on0  of  the  most  diatinguiahed  is 
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F1UK5018  LoTTTa  Paul  Qbbtais,  whose  numerous  and  valuable 
writings  must  be  familiar  to  all  students  of  palcDontolop;^-.  He  was 
bom  in  Paris  on  the  24th  September,  iHlfJ ;  and  as  early  as  the  year 
1835  be  became  aasistant  to  De  Blainville  (who  occupied  the  Chair 
of  Comparative  Anatomy  at  tlie  Paris  MnMnm),  a&d  remained  asso- 
ciated with  that  great  naturalist  until  1845,  when  he  was  appointed 
Professor  of  Zoology  and  Comparatiye  Anatomy  to  the  Faculty  of 
Sciences  of  ^fonfrpcllier.  In  1805  Gervais  was  appointed  Professor 
at  the  Faculty  of  Sciences  of  Paris,  and  in  IHGS  Professor  of  Cora- 
ative  Anatomy  at  the  Museum,  a  position  which  he  held  until 
death  on  the  lOth  Febmarr,  1879.  He  was  a  Doctor  of  Sciences 
and  of  Medicine,  a  eorrespondiNit  of  the  Institoto  of  France  (since 
1861),  and  a  corresponding  member  of  many  Societies.  He  was  one 
of  the  earliest  Foreign  Correspondents  of  this  Society  (1863),  and 
was  elected  a  Foreign  Member  in  1875. 

During  his  early  association  with  Do  Blainville,  Geryaia  asf^isted 
him  in  the  preparation  of  his  great  work,  the  '  Usteographie but 
the  bent  of  his  mind  at  this  time  appears  to  have  been  towards  the 
stady  of  thoie  groups  of  animals  indoded  by  linnnas  in  bis  order 
'^Inseota  Apfcen,"  and  espeoiilly  of  the  Myriopoda,  npon  wMdk  he 
began  to  write  as  early  as  the  year  1835.  He  was,  in  consequence, 
selected  to  complete  and  supplement  the  great  work  on  the  Aptora 
(Bpiders,  Scorpions,  Myriopoda,  and  true  a]»tero\i8  Insects)  com- 
menced by  Baron  Walckenaer  in  the  '  Suites  u  Butfon,'  of  which  ho 
wrote  the  third  and  fourth  yolnmes,  published  in  1844  and  1847. 

In  nnmexons  memdn  published  in  various  periodicals,  and  in 
tiie  natural -historj'  appendices  to  voyages,  Professor  Gerrais  treated 
of  animals  belonging  to  nearly  all  the  principal  jjroups,  and  he  also 
published  *  Figments  de  Zoologie'  in  180(5  (of  which  a  second 
edition  appeared  in  1S71),  and,  in  conjunction  with  Van  Bemdon, 
a  *  Zoologie  Medicale  '  iu  1859.  During  the  whole  of  this  period, 
howerer,  his  attention  was  being  more  and  more  directed  towaide 
the  ▼mtebrata,  lecent  and  fossil,  espedially  tiie  Mammalia ;  and  it 
is  mainly  upon  his  researches  on  the  latter  thai  his  fame  as  a 
palaeontologist  will  rest.     Tn  1854  and  I'*;";')  he  produced  his 

*  Histoire  Naturcllo  des  l^lammifrres,'  in  two  largo  8vo  volumes, 
giving  an  excellent  semipopular  description  of  the  structure  and 
habits  of  the  recent  Mammalia,  with  references  to  all  the  fossil 
forms  of  which  any  <hing  definite  was  at  that  time  known.  Jn  his 

*  Zoologie  et  Pkd^ntologie  Ftanqaises/  published  in  two  4to  Tolumes 
between  1  ^48  and  1852,  and  of  which  a  second  edition  appeared 
in  l?^r>9,  tlio  ^fammalia  occupy  by  far  the  largest  share  of  the 
space;  and  this  is  also  the  case  with  the  '  Zooloijie  ct  Pah'onto- 
logie  generales,'  although  in  both  these  books  fossil  liirds  and 
reptiles  receive  more  or  less  of  the  authors  attention.  In  the 
last-mMilioned  woric  we  find  important  researches  upon  the  fiwsil 
mammals  of  South  America,  to  which  Professor  Gervais  had  already 
dcvot^id  a  special  memoir,  under  the  title  of  '  Rechorches  siir  Ics 
Mammif^rcs  fossih  s  rle  rAnKTiqne  mt'ridionalc,'  published  in  18.35. 
By  these  great  works,  aad  nomerous  smaller  memoirs  published  ii^ 
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various  periodicals  and  read  before  learned  iSocietiefs,  Prof,  norvaig 
has  contributed  most  importantly  to  tho  advancemciit  of  our  know- 
ledge of  the  Tertiary  Mammalia. 

One  of  the  memoirs  in  the  *  Zoologie  et  Palc'ontologie  g^^rales/ 
is  doToted  to  tho  diseoMion  of  the  antiquity  of  man,  and  of  the 
changes  which  have  taken  place  in  the  European  iiiTina  since  the 
close  of  the  Tertiary  period — subjects  which  attracted  mudh  of  tiie 
snthor'a  attention  dnzing  the  last  twenty  yean  of  his  life. 

JoBAnns  rsUDBlOH  BfiiLNDX  was  born  May  25,  1802,  at  Jiiter- 
bogh,  in  the  Fnusian  provinoe  of  Biandenbuig,  and  died  wk  tbe 
Baths  of  Menekiill,  on  the  Gulf  of  Finland,  16th  July,  1879.  He 
was  oaieftiUy  educated  by  his  parents  at  Jiiterbogh,  where  his 
father  was  a  sucoossful  surg:eon  ;  and  here  he  derived  from  his 
uncle  Hensius  the  love  of  botany  which  engrossed  much  of  his  at- 
tention for  twenty  years.  From  the  (Jymnasium  of  Jiiterbogh  he 
passed  to  the  L^'ceum  of  Wittenberg,  studying  classics,  and  in  1821 
enteied  the  UniTeraity  of  Berlin.  In  his  fizet  vaoation  he  vidted 
the  Harz  with  his  fellow-stndent  Ratzebufg,  and,  having  won  the 
medical  ])rize  for  an  essay  on  Respiration,  was  enabh  d  next  year  to 
travel  through  the  Riesengebirgc.  Subsequently  he  made  many 
journeys  with  (jluppert,  who  remained  his  friend  tliroughout  life. 
Lichtenstein's  lectures  in  Berlin  stimulated  him  to  active  zoological 
work,  and  led  him  to  visit  museums  of  anatomy.  He  at  this  time 
aeted  as  amannensis  to  Raddphi.  In  1825  he  published  a  *  flora 
Berolinensis.'  His  examinations  were  passed  with  distinction  in 
1826 ;  and  he  became  ^LJ).,  surgeon,  and  accoucheur.  His  inavgoial 
thesis  was  entitled  '  ( )bservationes  Anatomioa?  de  ^laniTnalium  quo- 
rundam  vocis  instruniento/  Tho  year  following  he  became  assistant 
to  Heine,  and  for  nine  months  wa.s  engaged  in  the  Zoological  Mu- 
seum. In  oonjuuction  with  Ratzeburg  he  began  in  1827  to  issue 
the  first  volume  of  their  *  Medical  Zoology,' which  oocnpied  the  next 
two  years ;  and  ho  also  wrote  many  articles  for  the  '  Encyklopii- 
disclie  l/exikon.'  In  1829  he  issued  tbe  first  part  of  the  Plants  of 
the  Prussian  Pharmacopeeia,  as  well  as  tlie  German  Poisonous  Plants, 
and  contributed  to  the  'Medical  I'ju  y<  lo])iedia.'  Important  works 
were  completed  in  IttliO,  and  he  be^au  monographs  of  the  Myrioi)ods 
and  Onisddse,  as  well  as  a  monograph  of  the  Mammals  founded  upon 
Bfirde's  *  Abbildungen  merkwiiidiger  Saugethiere.' 

In  1831  he  left  lierlin  with  the  title;  of  Profrssor  Extraordinar}-, 
and,  through  the  influence  of  Humboldt  and  Pudolphi,  went  to  the 
Academy  of  Sciences  in  St.  IVterslturi^r^  ti^st  ns  assistant  in  and  sub- 
Foquently  as  director  of  the  Zoological  Museum.  Hero  honours  came 
thick  upon  him.  He  was  elected  ;iu  ordinary  member  of  tlio 
Academy,  became  an  Imperial  Russian  Councillor,  received  the  title 
of  Excellency,  was  invested  with  many  distinguished  orders,  was 
elected  into  the  Imp.  Acad.  Lcop,  Carol,  and  many  of  the  academies 
and  seioiitifi<;  sooiotirs  of  Europe.  At  the  time  of  Ills  Doctor's 
Jubilee  in  January  i>7<>,  his  ])ublished  scientific  writings  numbered 
iiUU.    Of  these  170  are  zoological,  2-1  relate  to  comparative  ana- 
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tomy,  85  are  pakBontologic&l,  11  are  upou  geographical  zoology, 
and  the  vemamder  relate  to  axehsBologieal  soology,  botany,  and 

misccllaueous  subjects.  Brandt  also  publiBhed,  in  Holmeraen  and 
Schrenck's  *  Contributions  to  a  Kiiowledp;©  of  the  Kussian  Empire  and 
adjacent  Lands  of  Asia/  a  Taluablo  and  learned  memoir  on  the  pro- 
gress of  zoolog)'  in  Russia  between  1SI31  and  1S79.  He  made  great 
scientific  journeys  in  Eussia,  first  to  Xicolajew  in  searcli  of  the 
mammoth,  and  afterward  to  the  Caucasiis  to  carry  on  his  efeudiea  of 
hi  fiah.  He  also  Yidted  and  etadied  in  the  mnsenma  of  Gennany, 
Switzerland,  Upper  Italy,  France,  Belgium,  ILtlland,  and  England. 

Before  going  to  St.  Petersbui^  he  married,  and  had  a  family  of 
three  dauijhters  and  four  sons.  The  second  son,  Alexander,  who 
has  inherited  his  father's  zoological  and  palteontulof^ical  tendencies, 
is  Conservator  of  the  Zoological  Museum  in  the  University  of  8t. 
Petenburg. 

Brandt's  palsontologieal  writings  relate  to  the  fbesil  Mammalia. 

The  most  important  of  these  is  entitled  '  Untersuchungen  uber  die 

fossilen  und  Sttbfossilen  Cctaceeu  Europa's,'  which  gives  a  complete 
account  of  all  the  European  Cetacoa  which  were  known  down  to 
1873,  and  includes  descri])tions  of  species  of  ('('tofherlinn,  P(ichi/a- 
canUiUS,  Cetotheriopgisy  CtfoUieriomorphuSy  Delijhincq^ tents,  JJelerO' 

ot£er  remarkable  types.  Omer  important  memoirs  lelate  to  EUsh 

mothrriurn,  Dinoiherium,  Bhytina,  and  the  Mammoth.  Another 
important  monograph  is  devoted  to  the  characters  of  theSireuia  and 
their  relations  to  various  other  orders  ;  and  many  and  important  con- 
tributions were  made  by  him  to  the  knowledge  of  the  osteology  and 
structure  of  various  other  groups  of  mammals. 

All  Brandt's  work  is  pro&ond.  His  learning  not  only  oovers  a 
wide  field,  bnt  is  brought  to  bear  on  difficult  questions  with  singu- 
lar concentration  and  ability.  He  has  illuminated  all  that  he  has 
laboured  upon.  And  as  a  palaeontologist  he  will  ever  hold  the 
highest  rank,  from  the  circumstance  that  his  ]){dieontolog:ical  labours 
"were  merely  the  outcome  of  natural-history  labours  unusually  ex- 
haustive and  lucid,  and  that  these  studies,  which  occupied  the 
matnrer  years  of  his  life,  were  treated  in  no  isolated  way,  but  with 
a  full  appreciation  of  their  important  bearing  upon  the  higher  phi- 
losophittd  questions  which  are  the  ehiefest  ends  of  sdentifio  work. 
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Inirodtietion. 

Ik  my  address  at  our  last  Anniversan''  IVfoolinc:.  1  pive  a  ppneral 
outline  of  what  appeared  to  me  to  l>e  the  most  important  Facta 
connected  with  the  structure  and  origin  of  limestone.  Having 
treated  the  question  mainly  from  a  new  point  of  view,  I  did  little 
else  than  describe  my  own  observations.  On  the  present  occasion 
I  propose  to  treat  mainly  on  the  structure  and  origin  of  non- 
calcareous  stratified  rocks,  and  to  consider  only  those  questions 
connected  with  itnieous  ro<"ks  which  bear  wvy  diroctly  on  the 
subji'ct  iH'toiv  iiH'.  Some  branches  of  this  inquiry  liave  already 
attracted  much  attention  ;  but  it  would  extend  this  address  too 
much  to  discuss  what  has  been  writen  on  one  detached  portion  or 
another.  It  will,  I  think,  be  better  to  give  a  summary  of  what 
appear  to  mo  to  be  the  more  important  fa<'ts,  as  viewed  from  a 
general,  and  yet  somewhat  special,  point  of  view.  In  doiiiL'  tliis  I 
mnst  necessarily  allutle  to  many  facts  and  conclusions  which  can 
have  no  claim  to  iioveit y.  e\ce])t  in  haviupj  been  arrived  at  by  more 
or  less  new  methods,  or  in  being  discussed  in  a  new  connexion,  or  as 
bearing  on  more  general  questiouB. 
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Oriffin  of  Material. 

Though  the  material  of  any  more  or  Ics-i  riKxlt^rii  non-ralcareoua 
striitifiwl  deposit  may  have  l)oen  deri\e(l  from  some  analogous  rock 
of  earlier  date,  yet  we  must,  1  think,  trace  back  the  greater  part  to 
the  met^KmctX  meakiiig-up  or  chemieid  deeompoeiraoii  of  igneous 
or  metamorphio  rocks,  since  in  them  hy  har  the  greater  milk  of 
new  cryitalline  material  is  formed.  I  therefore  purpose  now  to 
consider  the  character  of  the  sand  and  mud  thus  deriyed  from 
different  classes  of  rock. 

The  minerals  of  truly  igneous  rocks  have  been  formed  at  an 
elevated  temperature,  and  free  from  the  continued  solvent  action 
of  water.  Though  scnne  axe  Teiy  stable,  and  do  not  nndeigo  any 
material  change  when  exposed  to  water  at  the  ordinary  temperature, 
yet  many  are  altogether  in  a  state  of  unstable  equilibrium  when 
exposed  continuously  to  conditions  so  extremely  different  from  those 
under  which  they  were  formed.  8ome  of  tlie  constituents  are  dis- 
solved out ;  and  the  rest  group  themselves  in  accordance  with  the 
new  affinities,  which  vary  according  to  special  circumstauces.  Even 
in  the  case  of  those  pfutonic  or  metamorphic  rochs  whidi  haye 
been  formed  more  or  less  under  the  influence  of  water,  the  tempe- 
rature was  apparently  so  eleyated  that  the  mutual  affinities  of  the 
constituents  were  unlike  those  brought  into  play  by  exposure  to 
the  continued  at-tion  of  cold  water,  especially  if  it  is  charged  with 
carbonic  acid.  When  igneous  or  metamorphic  rocks  are  weathered 
and  broken  up,  we  thus  obtain  sand  and  fine  mud  composed  not 
only  of  the  original  materials,  but  also  of  products  of  chemical 
change.  I  shall  therefore  now  consider  some  of  the  more  im- 
portant ooostitoimts  of  stratified  deposits  deriyed  from  certain 
tjpcalrodn. 

Quartz  Sand. 

The  quartz  of  gnuiitic  rocks  sometimes  shows  more  or  less  im- 
perfect crystalline  planes,  but  is  more  commonly  dovetailed  in 
amougst  the  other  mmeisls  in  a  yery  intricate  manner.  The  result 
is  that  in  the  rode  itself  the  separate  grains  haye  often  a  most 
irregular  and  complex  fonn,  but  yet  on  the  whole  are  not  much 
drawn  out  or  flattened  in  any  special  direction.  When  the  felspar 
is  decomposed,  and  the  rock  broken  up.  some  of  the  occasional 
special  inequalities  in  the  length,  bn  adth,  and  thickness  of  the 
grains  of  quartz  are  reduced  by  cross  fractures ;  and  the  resulting 
hagments  are  nsuallj  not  more  than,  at  sll  events,  twice  as  long 
in  any  one  direction  as  in  any  other,  and  haye  a  yery  irregular  im- 
perfectly aoffolar  or  imperfectly  rounded  outline.  The  quarts  in 
(piartzose  fclsites  is  often  of  much  mom  truly  crystalline  form, 
the  planes  being  sometimes  very  perfect ;  but  very  often  there  is  a 
remarkable  rounding  of  the  angles,  which  might  easily  lead  anyone 
to  think  that  they  were  waterwom.  Even  the  grains  of  quarts 
deriyed  from  granite  sometimes  show  this  character  to  a  less  ex- 
tsntk  bat  tlie  roonding  is  usually  aocompaoied  by  small  surface* 
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ridges,  wbidi  dearlj  sHow  lliat  tfasir  rounded  form  was  not  due  to 
mechnnical  wearing.  In  the  speeimens  of  decomposed  gnmito 
wMch  I  hare  exaoimed  in  gEeatest  detail,  the  larger  grains  of 
quartz  have  a  somewhat  opaque  surface,  as  if  corroded,  and  the 
ant^les  are  rounded.  This  rounding  is  relatively  much  greater  in 
the  case  of  the  smaller  grains,  which  is  the  reverse  of  what  is  met 
with  in  worn  sand.  On  the  whole  the  facts  seem  to  indicate  that 
the  quarto  has  been  more  or  less  corroded  and  dissolved  hj  the 
action  of  the  alkaline  silicatefl  set  free  by  the  decomposition  of  the 
felspar.  The  contrast  between  its  corroded  sur&oe  and  the  glassy 
fractures  of  broken  quartz  is  very  s^reat. 

The  internal  structure  of  the  detached  grains  can  be  easily 
studied  when  they  are  mounted  in  Canada  balsam,  since  its  iudex 
of  refraction  is  so  nearly  the  same  as  that  of  quartz.  High  powers 
can  easily  be  used,  if  ve  employ  lenses  of  small  angle  of  aperture 
haying  their  focal  point  as  remote  as  possible  from  the  front  lens. 
The  shape  of  the  grains,  however,  is  better  seen  when  they  are  in 
water  under  thin  glass,  since  they  can  then  be  made  to  turn  round 
ao  as  to  exhibit  their  form  in  more  directions  than  one. 

The  quartz  of  thin-foliated  gneiss  and  mica-schist  di£fers  from 
tiiat  of  granite  in  bavins  a  iar  less  simple  optic  stractore,  and 
in  beinff  often  more  or  less  flattened  in  the  plane  of  foliation. 
Instead  of  the  larger  portions  of  quart/.  l)eing  made  up  of  a  few 
comparatively  hirge  crystals,  they  are  frequently  composed  of  very 
many,  closely  do\  otailed  together,  as  if  formed  in  situ.  Though 
the  outline  of  Ihi'sf  separatt^  crystals  is  sometimes  shown  by  more 
or  less  faint  lines  of  impurity,  they  are  often  in  such  close  con- 
tact that  they  cannot  m  separately  distinguished  without  using 
polarized  light.  Such  quarta,  when  broken  up,  would  usually  ^ve 
rise,  either  to  comparatively  line  sand,  or  to  larger  grains  showing 
a  more  or  less  compound  structure.  Besides  tliis,  in  very  thin- 
foliated  rocks  contaijiiug  nuich  mica,  a  hir<;e  ])art  of  the  quartz 
occurs  as  plates,  fltittened  between  the  parallel  Hakes  of  mica;  and 
when  such  a  rock  is  broken  up,  we  obtain  flattened  grains  of  quartz, 
with  tolerably  smooth  snrfeces,  thus  differing  materially  from  the 
more  irregular  grains  with  rougher  surfaces  derived  from  granite. 

Passing  now  to  the  internal  microscopical  structure  of  the  indi- 
vidual grains,  I  must  say  that  less  can  be  learned  from  the  fluid- 
cavities  than  might  have  been  expected.  Their  numlx^r  in  the 
Scotch  schists  is,  indeed,  far  less  than  in  the  Cornisli  granites,  but 
not  sensibly  less  than  in  some  of  the. granite  associated  with  them. 
I  do  not  remember  to  have  ever  seen  any  cubic  crystals  of  alka- 
line chlorides  in  the  fluid-cavities  in  the  quartz  of  any  granite  or 
schist  from  Scotland ;  but  they  occur  abundantly  in  some  Cornish 
granites.  Hence,  clearly  enough,  the  evidence  di^rived  from  fluid- 
cavities  is  of  very  limited  value,  evcept  in  parlii-ular  cases.  Far 
more  characteristic  evidence  is  furnislied  by  the  glassy  and  stony 
enclosures,  when  they  are  present.  The  quartz-cr^^stals  of  some 
rhyolites  contain  smtdl  imperfectly  rhombic  or  six-sided  enclosures 
o£  coloured  obsidian-Uke  glass,  with  accompanying  bubbles,  even 
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when  the  basis  of  the  rock  i&  no  longer  glassy.  In  quartz  felsites, 
Hke  fOBie  ol  tiie  Covnish  ehsiu,  we  see  larger  endosmes  of  a 
afanflar  f onn ;  bni,  instead  of  being  g^aea,  thej  are  denitrified  and 
compoaed  of  fine-grained  ciyataUine  material,  like  the  basis  of  the 

rock.  "No  such  stony  enclosures  occur  in  very  typical  granites  ; 
but  we  do  meet  with  a  few  in  those  somewhat  approaching  felsites 
in  general  character.  In  the  quartz  of  granites  proper  we  see 
enclosed  crystals  of  other  minerals;  and  these  may  be  very 
nnmenma  and  aoffidentlj  charaefceriaijo  of  partictilar  j^atricte. 
Thus,  for  example,  amaU  piiama  of  aehorl  so  aboond  in  tlie  quarts 
of  Cornish  grauitea,  and  nne  needles  of  rutile  in  those  of  Scotland, 
that  sands  derived  from  them  would  certainly  show  very  charac- 
teristic differences.  I  have  been  unable  to  detect  any  thing  that 
would  serve  to  distinguish  the  quartz  of  thick-foliated  schists  from 
that  of  true  granite.  In  the  case  of  thin-foliated  schists  it  does, 
indeed,  often  enclose  plates  of  mica,  chiefly  lying  in  the  plane  of 
foliation ;  and  if  broken  up,  very  characteristic  nagmenta  would 
be  fonned,  which  mi^ht  be  called  grains  of  mica-schist. 

The  quartz  of  vems  sometimes  differs  so  little  from  that  of 
granite  that  I  do  not  see  how  they  could  be  distinguished.  That 
from  large  massive  veins  could  not  fall  to  pieces  to  form  sand,  but 
would  yield  pebbles  and  small  chips  or  granules ;  so  that  we  can 
acazcelj  look  upon  it  as  an  important  sonroe  of  sand  of  medium 
aaalify,  which  is  what  I  propose  to  consider  more  particularlr. 
Somd  of  tint  deriTed  from  thick-foliated  schists,  and  especially 
from  gneiss,  would  not  differ  materially  from  that  derived  from 
certain  varieties  of  granite ;  and  it  would  also  be  impossible 
to  say  ^^  hether  some  had  been  derived  from  an  abnormal  granite, 
or  from  the  mixed  products  of  a  granite  and  a  felsite.  Though 
m  may  thua  expect  to  meet  wiw  many  grains  of  quarta-sand 
preaenung  no  distinctive  peonliarities,  yet  some  grains  may  still 
teach  US  their  whole  history,  and  throw  maxAk  light  on  the  trae 
natnre  of  the  associated  mateiiaL 


Sand  derived  from  other  Minerals. 

The  fehipars,  augite,  hornblende,  schorl,  and  mica  met  with  in 
dilEerent  classes  of  rocks  do  not  differ  sufficiently  in  external  form 

or  internal  structure  to  enable  ns  to  form  any  very  satisfactory 
opinion  as  to  their  origin,  except  in  a  few  particular  cases.  Thus, 
for  example,  the  presence,  or  complete  absence,  of  well-marked 
portions  of  enclosed  glass  would  indicate  that  any  fragment  under 
examination  waa,  or  was  not,  deriTcd  from  an  igneous  rock  which 
aofidifled  from  a  state  of  true  igneons  fusion.  This  does  not 
nceessari^  prore  that  it  was  or  was  not  a  subaerial  volcanic  rock. 
The  presence  of  cavities  of  more  or  less  perfectly  spherical  form 
containing  gas  or  vapour  inside  crystalline  stony  minerals,  and  the 
absence  of  fluid-cavities,  is,  on  the  whole,  the  most  satisfactory 
evidence  of  their  having  lx3eu  derived  from  a  rock  erupted  under 
little  pressure,  or  as  a  tine  aah.  On  the  contrary,  the  presence  of 
TOL.  xxxvx.  / 
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fluid-cavities,  with  or  without  included  cubes  of  alkaline  chlorides, 
would  show  that  the  mineral  had  been  formed  under  considerable 
pr<'ssure,  and  might  thus  point  out  very  clearly  the  origin  of  the 
fragment. 

Mechanical  W earit^  of  Maierial. 

So  far,  I  have  considered  the  original  form  of  the  frng^nents, 
irrespective  of  subsequent  mechanical  wearing.  In  the  case  of 
fine  saud  the  friction  on  the  bottom  must  be  very  slight,  since  the 
weight  of  the  particles  is  so  small,  and  eveu  a  moderately  agitated 
coirent  o£  water  would  raise  them  from  the  bottom  and  carry 
tiiem  along  almost  without  friction.  When,  however,  tiie  grains 
are  larger,  there  is  necessarily  more  fnctioii<---Aiiid  ttill  more  so  in 
the  case  of  subaerial  blown  sand,  since  the  pressure  on  the 
surface  over  which  it  is  driveu  would  be  fully  twice  as  ;nrroat.  The 
material  thus  worn  ofE  from  separate  grains,  or  from  pebbles  of 
^uartsite  or  other  hard  rocks,  would  often  be  in  such  small  par- 
bdes  that  even  its  true  mineral  nature  could  scarcely  be  determined, 
much  less  till'  particular  kind  of  ro<'l<  from  \\liich  it  had  been 
originally  derived  ;  and  it  would  be  difficult,  if  not  impossible,  to 
distinguish  by  the  microscope  particles  thus  produced  by  the 
mechanical  wearing  of  stable  minerals  from  those  due  to  the 
chemical  decompositiou  of  those  which  are  unstable. 

Chemical  Decomposition  of  Materials, 

The  change  of  felspar  into  kaolin  is  ho  well  known  that  I  need 
describe  only  the  microscopical  characters  of  the  resulting  mate- 
ziaL  When  only  partially  decomposed,  felspar  becomes  man  oir 
lees  opaque,  owing  to  the  formation  of  minute  granules,  but 
retains  more  or  less  of  the  original  definite  optixs  orientation. 
AVhen  completely  decomposed,  it  is  changed  into  a  mass  of  minute 
granules  having  no  more  delinite  crystalline  orientation  than  those 
in  a  small  groin  of  hardened  mud  ;  and  though  these  granides  may 
cohere  sulfideutly  to  keep  together,  or  may  be  cemented  by  other 
substances,  yet  in  many  cases  they  readily  separate  more  or  less 
completely.  I  have  very  carefully  studied  them,  since  they  play 
such  an  important  part  in  many  stratified  rocks.  Their  shape  i^ 
very  irregular :  but  they  are  not  specially  elongated  or  compressed 
in  any  particular  direction,  so  that  they  cannot  be  calleil  either 
irregular  prisms  or  plates.    Their  diameter  varies  somew  hat,  but 

on  au  average  may  be  said  to  be  about  lo^oy  of  an  inch.  Their 
doubly  refracting  power  must  be  somewii^  about  double  that  of 
quarts  or  unchanged  felspar,  so  that  grains  of  an  inch  in 
diameter  usually  give  with  polari7>ed  light  the  pale  blue-white  of 
the  first  order;  but  those  of  ^,,,  '.00  or  less  in  diameter  are  too 
small  to  give  rise  to  any  visible  etTcfts  of  de])olari7,ation. 

Much  of  what  I  have  just  said  will  apply  (Miually  well  to  other 
minerals  that  can  Ix?  changed  into  granules  more  or  less  eloselv 
corresponding  to  true  kaolin,  and  also  to  the  fi^ne-graiued  felspatbic 
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base  of  felsites.  I  do  not  see  how  small  fra«<nients  of  f(»lsite 
eould  be  oertainlj  distinguished  from  those  derived  from  crystalline 
felspar,  if  the  fonner  d&  not  vsretl  a  mare  oomplez  Btruetme,  or 
the  latter  retaiivsome  trtee  of  ciyBtalliiie  form  or  internal  nplAod 
structure. 

Mimtte  Oaleareew  CfnmuUt. 

Whilst  treating  of  the  chsiracter  of  the  minute  granules  derived 
from  decomposed  minerals,  or  from  the  complete  wearing  dowu  of 
hard  qoartEoee  rocks,  it  wiU  be  well  to  point  out  how  easUr  we 

may  mstingiiish  from  them  the  calcareous  granules  derived  Irom 
decomposed  shells  or  com uiinuted limestones*  Owing  to  tht>  intense 
double  refraction  of  calcitf,  calrnreouf  j^ranules  c^-ive  bv  depolari/ii- 
tion  tints  of  a  much  hii;ht>r  order  than  those  given  by  the  others. 
Thus,  on  an  average,  grains  of  y^Vu  of  an  inch  diameter  priv© 
all  the  series  of  colours  up  to  the  reds  and  greens ;  and  even  tlioso 

of  10.0  0  0  well-marked  tints,  commonly  the  yellow  of  the 
first  order,  but  varying  up  to  the  red  of  the  first  order,  according 
to  the  manner  in  which  they  lie.  Moreover,  in  examining  clays 
deposited  in  some  parts  of  our  country  since  the  Cretaceous  period, 
we  may  often  recognize  the  coccolitbs  of  the  Chalk,  not  only  by 
their  very  definite  form,  but  also  by  the  characteristic  black  cross 
which  each  gives  with  polarized  light. 

P:tt}nh)inorph^  after  Pelfpars. 

As  is  well  known,  felspars  occur  altered  to  various  pseudomorpbs, 
the  more  important  of  which,  in  connexion  with  my  subject,  aro 
inaiiUy  coniposed  of  chlorite,  talc,  or  analogous  minerals,  which 
occur  as  plate-like  crystals,  hansg  a  very  distinct  laminar  stnio 
ture,  to  which  the  negative  axb  of  depolarization  is  perpendicular. 
-When  these  pseodomorphs  are  seen  as  thin  sections,  the  laminar 
crystals  cut  transversely  are  much  more  distinct  than  those  cut 
nearlv  in  the  plane  of  their  cleavage;  and  it  sometimes  re(|uires 
much  attention  to  distinguish  between  a  nuiss  of  such  lamiiue  and 
small  prisms  scattered  about  in  a  different  kind  of  material.  Thus, 
for  example,  when  altered  to  chlorite  or  some  green  variety  of  talc, 
the  transverse  sections  are  but  little  coloured,  and  appear  Hke  fibres 
surrounded  by  a  green  uncrystalline  base ;  but  furtho*  examinatioii 
«hows  that  they  arc  very  dichroic,  and  that  the  green  and  appa- 
n^ntly  shapeless  material  is  really  only  lamina-  lying  in  the  plane 
of  the  section,  so  that  the  line  of  vision  is  nearly  in  the  line  of  the 
optic  axis.  They  therefore  show  the  green  colour  with  ordinary 
Uglit,  and  no  colours  due  to  depolarization  when  the  pohuizer  and 
analyser  are  used. 

Some  portions  of  what  appears  to  have  been  felspar  have,  to  a 
rertnin  extent,  In-en  changed  into  small  more  or  less  flntteued 
fibrouH  crystals,  whicli  in  many  characters  apj>roa<h  aslH'-.tos, 
though  it  is  doubtful  it"  they  really  are  that  mineral.  At  all  events 
this  seems  to  be  the  most  probable  source  of  the  small  fibrous  crys- 
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tals  ofteu  associated  with  kaolin,  but  differing  from  it  not  only  iu 
fonn,  hat  ako  in  hftviag  a  miidi  more  powerful  depolarizing  actioiu 
They  are  well  seen  xq  we  pipeclay  of  Kingsteigntoii,  and  occur  in 
greater  or  less  nnmbers  in  most  fine-grained  days. 

IdenUficcOion  of  tome  Minerais, 

In  distingaislmig  from  one  another  different  lands  of  small 

laminar  or  prismatic  crystals,  I  have  found  it  most  valuable,  and, 
indeed,  indispensable,  to  make  use  of  the  quartz  wedge  insertt^d 
into  the  ove-piece  like  a  raiorometer  described  by  me  iu  a  paper 
rend  before  tlie  Royal  Microscopiciil  Society*.  Minute  portions 
of  minerals  wliich  appear  identical,  wheu  c.vuiuined  w  ith  a  .simple 
polarizing  microsoope,  may  often  be  distinguished  by  it  with  great 
ease.  Thus,  for  example,  if  we  hvm  a  more  or  tass  tnmsrerse 
section  of  a  laminar  mineral  like  mica,  and  rotate  it  in  pokrised 
light,  at  two  (lifFcivnt  azimuths  at  right  aiifjlcs  to  one  another  it 
does  not  depolarize.  These  directious  may  be  very  conveniently 
called  the  axes  of  depolarization;'  They  are  not  exactly  the 
axes  of  elasticity,  but  are  the  direction  along  which  these  axes 
intersect  tbe  section  in  the  line  of  Tision.  Ananging  the  section 
on  the  stage  of  the  microscope  so  that  one  of  these  axes  is  at  an 
angle  of  45°  to  the  plane  of  polarization,  we,  of  course,  see  to  the 
greatest  advantage  the  colours  due  to  depolarization.  Pushing 
the  quartz  wedge  into  the  eyepiece,  with  the  axis  also  at  45°  to  the 
plane  of  polarization,  the  tints  given  by  the;  object  under  examina- 
tion are  raised  if  its  positive  axis  be  parallel  to  it,  but  lowered 
when  it  is  the  negative  axis  which  is  parallel.  In  tills  latt^ 
case,  when  the  part  of  the  wedge  which  gives  the  same  tint  as  tiie 
section  is  over  it,  the  object  appears  black.  If  the  depolarization 
is  extremely  feeble,  it  is  diflicult  to  see  this,  because  the  object 
must  be  observed  so  close  to  the  e\fn-iiic  thin  edg(*  of  the  plate. 
It  is  then  much  belter  to  notice  \\lu'tluT  thc^  oltjccS  lowtTs  the  blue 
of  the  second  order  to  the  red-orange  of  the  lirst  order,  or  raises 
the  latter  to  the  former.  In  the  case  of  mica  cut  mora  or  less 
transversely  we  can  thus  easily  see  that  the  negative  axis  of  depo- 
larization is  invariably  at  right  angles  to  the  lamina;,  whereas  in 
some  other  analogous  minerals  this  axis  is  ])ositive.  In  the  case  of 
some  pi'isiualic  or  librous  minerals,  like  hornblende,  the  positive  axis 
appears  to  be  somewhat  variably  im  iiued  to  the  line  of  the  fibres. 
This  is  because  the  true  a-xis  of  elasticity  is  not  parallel  to  the 
axis  of  the  prism,  and  thus  the  result  dep^ds  partly  on  the 
manner  in  which  the  cryst:il  ha])pens  to  be  turned  on  its  axis  in 
the  plane  of  the  section.  This  alone  is  a  very  important  fact :  but 
we  should  also  observe  whether,  wlicn  the  axis  of  depolarization  is 
parallel  to  the  libre,  it  is  negative  or  positive.  Unlike  hornblend.'  or 
transverse  sections  of  mica,  small  prismatic  felspar  microliils 
have  their  negative  axis  more  or  less  nearly  in  the  lino  of  their 
length.   The  angle  at  which  it  is  inclined  differs  in  dtl^ient  kinds 

♦  Moutlily  Alicro^fcop.  Joura.  1677,  vol.  XTiii.  p.  209, 
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of  felspar,  and  sometimes  also  'with  the  direction  in  which  each 
simple  or  tw  in  cr}'stal  is  cut.  It  will  thus  be  seen  that  the  quartz 
wedge  fiimif^hes  us  with  a  most  valuable  means  for  distinguishing 
Teiy  minute  crystals.  It  is  also  very  useful  in  enabling  us  more 
easuj  and  aocmatelj  to  compare  tbe  donUr  infracting  power  of 
diiEerent  minerak,  aa  sBown  bj  tiie  ofrder  of  the  (ants  given 
cantignona  sections  of  the  same  thickness,  observing  the  average 
result,  so  as  not  to  be  led  into  error  by  the  Tttrying  indisatioii 
o£  the  axes  to  the  plane  o£  the  section. 

Mka  in  depotited  Baelct, 

Though  the  larger  crystals  of  mica  in  granite  or  schists  may  be 
8omp\^hat  altered  by  weathering,  the  microscopical  and  optical 
characters  are  not  sufficiently  changed  to  need  special  descrip- 
tion. Unless  it  be  in  special  cases,  when  much  oxide  of  iron  is 
present,  there  seems  to  be  no  other  general  tendency  to  fall  to  pieces 
than  hj  breaking  up  along  the  cleavage  into  iiiki  flat  pUtes.  &cept 
when  fonning  part  of  a  boulder  or  pebble,  mica  oonld  not  be  mneh 
iram  down  by  friction,  since  its  shi^  would  cause  it  to  be  so 
readily  lifted  from  the  bottom  by  a  current.  There  is,  however,  a 
most  important  source  of  very  fine-grained  micaceous  mud,  which 
I  was  not  able  to  recognize  until  very  recently  for  lack  of  adequate 
optical  apparatus.  I  have  long  known  that  some  (quartz  felsites 
might  almost  be  called  ezftremdj  fine-drained  granites,  and  contain 
many  small  flakes  of  mica,  plainly  visible  with  a  podcet-lens ;  bat 
it  was  not  until  I  had  found  that  the  qnarts  wedge  in  the  eyepiece 
enables  us  to  distinguish  transverse  sections  of  very  minute  flakes 
of  mica  from  felspar  mieroliths  that  1  was  able  to  prove  that, 
though  the  iiue-grained  base  of  some  felsites  is  mainly  felspathie, 
yet  that  of  others  contains  a  very  considerable  amount  of  mica. 
This  occnrs  in  the  form  of  minute  flakes,  varying  in  siae  down  to 

ftt'oo^  Woir  ^  ^  inch  in  diameter,  and  su  ^^o  ^  ^  uich  in 
thickness.  Such  flakes  are  of  course  far  too  snudl  to  produce  any 
Tery  marked  difference  in  the  natural  appearance  of  the  rock.  The 
decomposition  of  such  a  felsite  would  yield  a  very  fine-grained 
mud.  composed  not  merely  of  kaolin,  but  also  of  mica,  or  at  least 
oi  some  mineral  having  very  similar  mechanical  and  optical  cha- 
racters. 

AuffiUf  HombUnde,  and  Olivine  in  d^MtiUd  Bodct, 

Much  of  what  I  have  saidiespectini];  the  intemal  structure  of  fel- 
spar will  apply  equally  m  cII  to  augite,  honiblende,  and  olivine.  Little 
could  be  learned  about  the  origin  of  any  jiarticular  fragment  unless 
it  contained  well-marked  glass  enclosures  or  luibbles  of  gas.  \vhich 
would  point  to  a  true  volcanic  origin.  2s  ot  much  reliance  could  be 
placed  on  the  mere  absence  of  bubbles,  yet  their  complete  absence 
would  make  it  more  probable  that  the  material  was  derived  from  a 
solid  volcanic  rock  and  uas  not  a  true  ash. 

If  decomposed  by  weathering  near  the  surface,  augite  and  horn- 
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blende  are  to  a  large  extent  removed,  and  little  remains  but  |)eroxide 
of  iron  and  any  minute  included  crjBtals  of  insoluble  minerals. 
The  space  originallj  occupied  by  the  removed  material  may  be  left 

oonipamtivfly  empty,  or  be  filled  wiUicaldte  or  other  minerals  com- 
monly introduced  into  minute  fissures  or  cavities.  Augite,  horn- 
blende, and  olivine,  however,  are  cftcn  changed  in  a  very  diflferent 
manner,  and  ^'i\('  rise  to  psendoin<)r])lis  of  various  kinds,  probably 
when  the  ciiunge  was  effected  at  a  higher  tempera!  ure,  or,  at  all 
events,  less  under  the  influence  of  the  atmosphere.  By  far  the  most 
importuit  of  these  pseudomorphs  are  of  a  green  colour,  but  differ 
much  in  the  mechanical  and  optical  structure  of  the  material. 

It  would  be  tedious  and  occupy  far  too  much  time  to  consider 
separately  all  the  other  minenvls  wliieli,  in  a  broken-up  or  decomposed 
conditif)n.  to  a  less  extent  si^rve  to  giv»'  rise  to  tlu'  material  of  stra- 
titied  r(><  ks  ;  those  1  have  selected  \\ill,  1  trust,  serve  to  illustrate 
what  ap])ear  to  be  the  principal  phenomena  attending  the  forma- 
tion of  different  kinds  of  sand,  mud,  and  chy.  It  is,  however, 
Terr  essential  that  we  should  consider  the  glassy  base  of  volcanie 
zocks. 

VoUanie  Okus  and  AiSus  in  dqtunUd  Soekt. 

The  general  structure  of  obsidian,  pitchstone,  tachylite,  and 
similar  rocks  has  been  described  by  so  many  authors  that  I  need 
say  little  about  it.  Their  general  base  is  a  true  glass,  having  no 
depolariring  action  on  polari/^>d  light.   This  property,  of  course, 

serves  at  onee  to  distiruxuish  it  from  fratnnents  of  very  many  of 
th(^  morc^  eoniinon  minerals,  but  not  from  isotropic  minerals  like 
garnet,  ilowevi^r.  in  many  eases  the  presence  of  bubbles,  or  of  a 
liuidal  or  vesicular  structure,  shows  very  cleai-ly  that  tlie  substance 
under  examination  is  a  true  volcanic  glass.  In  addition  to  this 
internal  structure,  the  fragments  have  often  a  very  characteristic 
form.  The  melted  glass  may  have  been  1)1  own  into  spray,  and 
given  rise  to  fibres  and  irregular  spherical  bulbs,  as  in  the  case  of 
Pi'lt  's  hdir;  or  it  may  have  been  blown  out  bv  t!ie  internal  evolution 
of  gas  or  steam  into  a  more  or  less  perfect  pimiiee.  The  forni  and 
structure  of  this  latter  are  so  characteristic  that  there  is  little  chance 
of  confounding  minute  fragments  of  it  with  any  thing  else. 

Speaking  generally,  we  may  say  that  particles  of  pumice  are  made 
up  of  cells  with  more  or  less  cur\'eu  walls  of  glass  which  occa- 
sionally are  not  more  than  ,  „  of  an  inch  in  thickness.  AVhen 
broken  very  small,  the  particles  may  show  no  entire  cells,  but  merely 
curious  irrei^nlar  compound  plates,  due  to  the  meeting  of  several 
cells,  or  simply  more  or  less  curved  lamina^  derived  from  cell-walJs. 
There  is  a  gradual  passage  from  such  vesicular  glassy  material  to 
solid  crystalline  lavas :  and  only  an  occasional  fragment  in  a  mass 
of  ash  may  be  decidedly  vesicular  or  contain  true  glass.  In  only  a 
few  cases,  like  that  of  7*'7/'.s-  eould  we  be  certain  that  the 
ultimate  partieles  bad  been  formed  l)y  a  true  volcanie  process.  In 
some  cases  it  would  be  imjxtssibie  to  distini^uish  Ix'tweeu  a  vi)leanie 
rock  reduced  to  fragments  during  an  eruption,  so  a^  to  give  rise  to 
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A  true  ash,  and  the  same  rock  broken  up  after  consolidation  by  non- 
volcanic  action.  Still,  011  the  whole,  I  think  we  may  look  upon'  the 
veaieokr  ttmeture  of  ^  oonstatuent  material  or  oase  as  cbarac- 
teiistic  of  oift,  and  the  more  rounded  and  worn  shape  of  the  frag- 
ments as  chancteriatio  of  what»  for  distinctiony  we  may  call  vokanio 
Band, 

Mieroteopieed  JSMmmatUm  of  Saiuk  mud  Cktj/9. 

Having  considered  tlie  origin  of  the  material  in  as  much  detail 
as  seems  desirable,  I  now  proceed  to  describe  the  methods  which  I 
have  found  best  in  studNing  particular  examples  of  sands  and  cl.iys. 
On  the  whole,  the  most  useful  power  is  a  1.  since  that  enables 
us  to  see  nearly  all  the  detail;  but  for  examining  the  mere  shape 
of  grains  of  sand  and  the  coarser  structure  of  roccs,  a  or  even  s 
f  is  more  convenient.  It  is  only  occasionally  that  so  high  a  power 
as  ^  is  needed,  and  that  chiefly  to  determine  the  true  characters  of 
very  minute  cavities.  On  the  whole,  there  can  be  no  doubt  that 
far  more  may  be  learned  from  thin  microscopical  sections  than  from 
loo^e  material  ;  but  yet  very  much  may  be  learned  even  in  this 
latier  case,  aud  in  fact  more  respecting  certain  particulars.  The 
general  fotm  of  the  particles  is  Mst  observed  by  viewing  the  sand 
or  mud  in  water  under  thin  f^MB.  Their  outline  is  then  much 
blotter  Hven  than  when  they  are  mounted  in  Canada  balsam  ;  and 
by  slif;htly  moving  the  cover-cjlass,  they  turn  round  so  as  to  show 
tlieir  entire  shape,  or  slip  along  the  surface  of  the  supporting  glass 
in  such  a  manner  as  to  ])rove  that  they  are  thin  Hat  plates.  The 
internal  structure  aud  optical  characters  of  the  coustituent  par- 
ticles, however,  are  far  better  shown  when  the  deposit  is  mounted 
in  Canada  balsam.  I  have  found  it  best  to  iSrst  spread  out  the 
material  on  the  ghws  in  dilute  gum  and  water.  Tus,  on  dxyin|f, 
leaves  the  grains  sufficiently  fixed  on  the  <:rlass  to  prevent  their 
moving  either  during  the  mounting  in  balsam  or  when  the  slide 
iH  afterwards  kept  in  a  vertical  position.  Although  when  thus 
mouuted  it  is  impossible  to  make  the  grains  turn  round,  yet  much 
may  be  learned  respecting  their  shape  by  observing  the  tints  which 
they  fp.ve  with  polaiiied  ught.  Thus,  for  example,  a  more  or  less 
spherical  grain  of  quartz  sand  about  ^^rr  ^f  an  inch  in  diameter 
gives,  on  an  average,  tints  rising  from  the  faint  white-blue  of  the 
first  order  at  the  edges  up  to  the  well-marked  colours  of  the  second 
and  third  orders  in  the  centre,  whereas  a  grain  of  that  diameter,  if 
it  were  thin  aud  flat,  would  give  over  a  large  part  of  its  surface 
nearly  ani£orm  tints  of  a  lower  ord^. 

IdBHtifieaHon  of  the  MinerdU  in  Sand, 

OccasionaDv  it  might  require  some  care  to  distinguish  between 
flat  plates  o(  quarts  and  flakes  of  mica;  but  by  careful  exa- 
mination with  an  adequate  power  the  more  truly  laminar  structure 

and  parallel  faces  of  mica  enable  an  observ  er  to  distinguish  it  from 
(plan/,  or  any  other  common  constituent  of  sands  or  clays.  There 
IS  usually  no  serious  difficulty  in  identifying  the  grains  of  the 
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other  constituent  minenlB  by  their  form  or  optical  characters.  Quarts 
can  generally  be  dietiDgiiiuied  firam  the  tridimo  felspan  1^  the 
compound  twin  striation  of  the  latter,  and  from  ovtiioclaee  by  the 
diffaence  in  general  shape.   QuartE,  having  no  cleavage,  breaks 

into  grains  of  most  irrogiilar  form,  whereas  orthoclase,  having 
well-pronounced  cleavage,  very  often  occurs  in  flat  pieces  8]io\vin(:j 
more  or  JeHs  of  straight  parallel  edges ;  it  also  very  often  differs 
in  being  more  or  less  opaque  from  partial  decomposition.  How- 
ever, when  very  transpazent  and  the  cleavage  indistinct,  as  it  is 
BometimeH  in  the  glassy  felspar  of  volcanic  rocks,  it  requires  much 
care  to  distinguish  it  from  quarts,  since  the  form  of  the  fragments 
and  their  action  on  polarized  light  are  very  similar.  When 
neither  tluid-cavities  nor  other  enclosures  are  present  to  indicate 
which  of  the  two  minerals  is  under  examination,  the  only  distinc- 
tion that  I  have  been  able  to  discover  depends  on  the  slightly  less 
rehaetive  power  ol  glassy  felspar,  which  causes  tilie  outline  of  the 
fragments  to  bo  more  distinct  when  mounted  in  Tutrd  Canada 
baUam  than  that  of  quartz  grains,  which  have  almost  exactly  the 
same  refractive  power  ns  hard  balsam.  It  would,  however,  scarcely 
be  in  place  on  the  present  occasion  to  describe  in  detail  all  the 
characters  which  enable  an  observer  to  identify  every  constituent 
mineral,  though  it  was,  as  I  think,  desinble  to  describe  some  of 
the  more  important,  in  order  tiiat  a  better  qrinion  might  be  formed 
respecting  the  amount  of  confidence  that  should  be  placed  in  mj 
general  rMults. 

Tfleniijicatum  of  PragmeixU  of  Mocks  in  Sand, 

The  difficulty  of  determining  the  true  nature  of  each  particular 

grain  is  greatly  increased  when  we  have  to  deal  \x\ih  fragments  of 
rocks.  This  of  course  differs  as  much  from  studying  the  structure 
of  a  known  rock,  as  the  deterniinaf  ion  of  the  true  nature  of  any 
single  unknown  bone  differs  from  the  study  of  the  entire  skeleton 
of  some  well-known  animal ;  and  in  like  manner  it  is  necessary  to 
pay  attention  to  matters  of  detail  which  otherwise  might  be  over- 
looked. The  grains  also  may  be,  and  often  are,  too  small  to  show 
such  characters  as  would  sufHce  to  identify  the  rock  on  a  larp^er 
scale  ;  and  separate  fragments  may  differ  as  much  as  t hough  they 
were  different  rocks,  and  yet  may  have  been  closely  asxK  iated  in 
the  same  lock.  It  is  also  sometimes  difficult  to  distinguish  between 
such  very  different  objects  as  grains  of  partially  decomposed  felspar, 
decomposed  felsite,  or  slates  formed  from  similar  material,  especi- 
ally when  we  can  examine  only  loose  fragments  um\  not  a  thin 
se<-tion.  Still,  notM ithstanding  all  these  difficulties,  to  which  we 
should  be  fully  alive,  by  one  means  or  other  very  miirh  niav  be 
learned,  even  though  in  many  cases  the  conclusions  may  be  open  to 
a  certain  amount  of  doubt  in  some  particulars. 

Flint  Sand, 

At  one  time  I  fully  expected  to  find  that  the  sand  associated  with 


Digitized  by  Gopglc 


St 


flint-gravel  was  itself  mainly  flint  ;  but  I  found  that,  in  some 
cases  at  all  events,  it  is  chiefly  of  the  normal  kind.  When  polar- 
ized light  is  used,  there  is  no  difficulty  in  distinguishing  between 
flint  sod  qnutB  anuns.  The  Utter  have  a  dmple  optic  stractnre, 
and,  when  rotatea,  look  alternately  wholly  dark  or  bnght ;  whereas 
flint  has  a  very  compound  crystalline  structure,  and  atallaainittl^a 
shows  almost  the  same  characteristic  speckled  granular  appearance. 
Jasper  has  a  very  similar  structure  ;  and  quartz  containing  many 
minute  crystalline  granules  might  present  a  very  similar  appearance 
m  those  few  cases  in  which  the  principal  axis  of  the  crystal  haiK 
pened  to  lie  in  the  line  of  yision.  Though  sometimes  met  with  m 
well-rminded  ^ins,  flint  often  occurs  as  tiiin  flat  ehips,  no  donbt 
on  account  of  its  pecoliar  kind  of  fractoie. 

General  Charaeten  of  Sands, 

I  have  already  said  enon^  reepectine  the  general  characters  of 
the  more  important  constituents  of  sands.  It  now  remains  for  me 
to  consider  the  external  form  and  internal  structare  of  the  sepi^ 
rate  grains.  In  these  respects  di&rent  sands  may  differ  very 
strikingly* 

External  fbrm  of  fthe  Grams, 

The  troe  character  of  the  surface  is  best  seen  by  examining  with, 
transmitted  hfjtkt  the  loose  material  nnmoonted,  using  a  con£nser»' 
so  as  to  prevent  too  great  a  shadow  round  the  edges  of  the  graimi. 
In  observing  their  form  we  must  not  compare  the  quarto  of  one 

specimen  with  the  felspar  of  another,  nor  the  larger  grains  of  one 
with  the  smaller  of  another.  All  our  comparisons  must  be  made 
between  grains  of  quartz  of  nearly  the  same  medium  size  in  a  clean 
condition.  Por  this  reason  the  sand  should  be  well  washed  in 
water,  using  a  small  stiff  brush  to  thoroughly  detach  adherent  mud. 
When  dry,  the  coarsest  particles  should  be  sepamted  by  one  sieve, 
and  the  finest  by  another,  so  as  to  obtain  for  comparison  sand  of 
tolerably  uniform  size.  The  coarser  siove  which  I  employ  allows 
grains  of  altout  of  an  inch  in  diauu-tcr  to  pass  through  ;  and  the 
smaller  keeps  back  all  greater  than  so  that  th;'  average  size  of 
the  grains  used  for  comparison  is  about  -j-^  of  an  inch.  The  im- 
portance of  comparing  ^rma  of  nearly  the  same  size  is  at  once 
apparent  when  we  eiamine  the  different  portions  thus  separated. 
The  coarsest  are  sometimes  nearly  all  much  rounded  when  the 
finest  are  nearly  all  very  anmilar,  no  doubt  because  the  friction  of 
such  small  particles  on  the  bottom  is  so  very  trifling.  It  is  the 
grains  of  medium  size  which  are  the  most  suitable  for  observation  iu 
comparing  different  specimens. 

Having  thus  prej^ared  a  good  sample  of  medium  quality,  care 
must  be  taken  to  mix  it  thoroughly,  and  to  spread  a  small  por- 
tion evenly,  but  somewhat  dosely,  diy,  on  a  glass  plate,  kept 
horizontal,  in  such  a  manner  as  to  prevent  the  rounded  grains 
separating  from  the  flat  and  angular,  which  they  do  so  readily 
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that  great  errors  might  otherwise  result.  Bj  proceeding  in  this 
manner,  and  by  examining?  a  oonsidersble  number  of  specimens 

of  various  geological  rioils  and  from  various  localities,  I  have 
found  that  quartz  sands,  although  to  the  naked  eye  appearing  very 
similar,  may  be  divided  into  five  tri)es.  which,  thouirh  eharactor- 
istically  distinct,  gradually  pass  one  into  the  other.  They  are  as 
follows : — 

1.  Kormal,  angular,  fresh-formed  sand,  as  derived  almost  di- 
rectly from  granitic  or  schistose  rocks. 

2.  A\^ell-\vorii  sand  in  rounded  grains,  the  ongmal  angles  being 
completely  lost,  and  the  surface  looking  like  fine  ground  glass. 

3.  S.uid  inoc  hanically  broken  into  sharp  angular  chips,  showing  a 

glassy  tracl  iir<\ 

4.  kSand  having  the  grains  cheniioally  corroded,  sous  to  produce  a 
pecnliar  texture  of  the  surface,  differing  from  that  of  worn  grains  or 
crystals. 

5.  Sand  in  which  the  grains  have  a  perfect  crystalline  outline,  in 
■some  cases  undoubtedly  due  to  the  deposition  of  quarts  over  rounded 

orane^ilar  nuclei  of  ordin;iry  non-crystalline  sand. 

On  the  w  }j()lc,  tlicn,  \vc  in:iy  say  that  these  diiYcrent  ty]x\s  are  due 
to  different  kinds  of  mechanical  or  chemical  changes,  affecting  grains 
originally  derived  from  crystalline  rocks. 

Now  i  do  not  know  what  others  may  have  tiiought  or  done,  but 
must  confess  that  until  very  recently  I  had  no  idea  that  the  diGfer- 
ences  bet\vt»en  different  specimens  of  sand  were  so  great.  T  am 
vcrv  sorrv  lliat  in  vears  f'one  bv  I  did  not  collect  a  suliicient  nuiu- 
ber  ol  specimens  to  enable  nie  to  ilei'ide  several  interesting  (jues- 
tions,  and  think  myself  fortuiuite  in  iiaving  collected  what  1  have 
without  foreseeing  their  ultimate  value  for  the  purpose  now  in 
hand. 

Varioitshf  worn  Sands, 

In  the  first  place  it  is  mo-^t  important  to  distinj^uish  between 
the  (Off  of  the?  ^/niitis  ami  the  a  /e  of  a  deimit.  A  very  ancient 
gaud  bed  may  be  made  up  of  grains  which  are  practically  new  and 
unworn,  whilst,  on  the  contrary,  the  grains  of  a  modem  sea-beach 
ni:i\-  be  of  vast  antiquity,  may  have  passed  through  the  greatest 
vicissitudes,  may  have  successively  formed  a  part  of  se\eral  dif- 
ferent [geological  fornmtions.  and  may  be  preatly  altered  and  worn. 
L nfortunalely  1  am  not  ac(]nainte<l  with  suliicient  facts  to  ])rove 
how  long  it  would  require  to  lh(»roughly  wear  down  and  round  a 
grain  y  of  an  inch  in  diameter.  It  is  evidently  a  very  different 
thing  firom  the  wearing  down  of  a  pebble,  and  may  require  a  longer 
period  of  w cnr  than  we  might  suspect,  if  we  did  not  l)ear  in  mind 
that,  when  buoyed  up  by  water,  the  friction  of  such  small  particles 
on  the  bottom  must  always  h' small.  Th«'  followin«j; considerations 
wdl  serve  to  make  this  more  clenr.  The  friction  on  the  bottom 
must  vary  directly  as  the  weight,  and  therefore  as  the  cul)<»  of  the 
diameter ;  but  the  surface  from  which  the  material  must  be  worn 
varies  as  the  square  of  the  diameter.  Hence,  even  making  no 
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allowance  for  the  extra  buoying-up  of  very  iniuute  particles  by  a 
cozTOiit  o£  water,  depending  on  siiifMe^oliesioii,  the  effect  of 
wearing  on  the  foitn  <xt  the  gnuns  must  vary  directly  as  their  dia- 
meter or  thereabouts.  If  bo»  a  grain  of  an  inch  in  diameter 
would  bt>  \\  orn  ten  times  as  much  as  one  yhu  ^"^^^ 
nioter,  and  at  least  a  hundred  times  as  much  m  one  yo(,j^  of  an 
inch  in  diameter.  Perhaps,  then,  we  may  conclude  that  a  grain 
•J^  of  an  inch  iu  duinieter  would  be  worn  as  much  or  more  in 
orifting  a  mile,  as  one  Yron  ^  ^  ^  being  drifted  100  miles. 
On  the  same  prindple  a  pebble  1  inch  in  diameter  would  be  worn 
lelatiTely  more  by  being  drifted  only  a  few  hundred  yards.  As  far 
as  I  am  able  to  judge,  these  conclusions  agree  well  enough  with 
the  general  facts  ;  but  yet  better  evidence  of  the  actual  time  and 
distance  nnjiiired  tv)  wear  grains  round  is  still  much  to  be  desired. 
In  the  absence  of  positive  proof,  i  will  describe  certain  facts  which 
seem  to  throw  light  on  this  question. 

The  wearing  £>wn  and  rounding  of  the  original  angular  grains 
is,  of  course,  a  gradual  process ;  and  we  meet  witiierery  ccmnecting 
link  between  the  two  extremes,  even  in  the  same  specimen.  This 
may  be  due  to  a  mixture  of  grains  much  worn  by  backward  and 
forward  action  with  those  more  directly  drifted  from  their  source. 
It  is  therefore  ditiicult  to  decide  what  is  the  true  proportion  of 
angular  and  rounded  grains  in  each  particular  case.  Still  this  may 
be  done  by  counting  the  total  number,  and  also  the  number  ai 
those  that  are  well  worn,  in  seyeral  fields  of  the  microscope,  so  as 
to  obtain  a  good  average.  This  ratio,  of  course,  represents  the 
relative  total  wearing,  wlietlier  due  to  actual  trans])ort  or  loral 
backward  and  for^\ard  moveiiient  ;  but  in  average  conditions  this 
might  so  vary  directly  with  the  amount  of  transport  as  to  make  it 
indicate  approximately  the  relative  distance  of  the  source  of  supply. 

Scmd  washal  from  the  Boulder-clay  at  Scarborough,^!!^  is 
almost  entirely  fresh  and  angular,  showing  few  or  no  rounded 
grains,  lleuce.  though  the  material  may  have  travelled  far,  it  was 
not  worn,  which  fully  agrees  with  the  glacial  origin  of  Jioulder- 
clay.  JSome  of  the  sand-beds  of  drift-age  do,  however,  contain 
many  well-worn  grains,  probably  owing  to  continued  local  wear 
and  tear. 

Sand  from  the  modem  beach  at  Searborough,-— This  nnist  have 
been  subjected  to  the  action  of  the  waves  for  a  considerabh'  time ; 
and  yet  it  is  little,  if  at  all,  more  worn  than  that  in  the  Boulder- 
clay,  from  which  probably  it  was  in  creat  mea>uri'  derived.  Lntil 
1  had  examined  the  well-worn  sands  of  the  south-east  of  England, 
the  angularity  of  the  Scarborough  sand  led  me  to  believe  that  it 
was  du^racteristic  of  all  such  fine-gndned  deposits. 

Sand  of  the  rivi^r-terraees  at  Diinheld. — This  is  just  as  if  mainly 
derived  from  schists.  It  is  almost  wholly  angular,  thus  proving 
that  the  grains  are  very  little  worn  by  drifting  down  a  river. 

Sfin'f  nf  the  MiLUloiit'  (trif  (iii>l  LnVir  ('Dfil-nh-asitrr.t  of  South 
Yorkshire. — This  is  as  sharj)  and  angular  as  if  derived  almost  di- 
rectly from  decomposed  granite,  the  slight  corrosion  being  no  more 
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than  uorinal.  I  have  long  ago  shown  that  this  material  was  drifted 
from  the  ii(»th-eut,  iod  was  main^  derived  from  granitic  rocks 
probably  lying  in  that  diieetiom,  but  now  no  longer  visible.  They 
must,  however,  I  think,  have  been  at  a  considerable  distance :  and 

yet  we  see  that  the  grains  were  very  little,  if  at  all,  worn  in  being 
drifted  so  far  aloni^  the  bottom,  even  if  we  altogether  disregaid 
the  effects  of  locul  atplation. 

Taking,  then,  all  the  above  facts  into  conbideration,  it  appears  to 
me  sufficiently  pzoved  ^aaJb  a  mat  amonnt  of  drifting  and  mecha- 
nical action  must  be  required  to  wear  down  angular  fragments  ol 
quartz  into  rounded  grains  ^  diameter,  which  I  have 

taken  as  the  standard  for  comparison.  I  now  proceed  to  consider 
what  appears  to  me  a  good  ilhistration  of  how  this  wearing-down 
may  be  explained  when  it  does  occur. 

Green  Sand  of  the  ASouth  of  England. — I  have  examined  specimens 
taiken  in  Tarious  places  from  Devonshire  to  Kent ;  and  tiie  facts 
seem  as  though  tiSey  would  be  of  much  interest  if  confirmed  by 
more  complete  examination.  In  the  Haldon-Hill  district  the 
grains  are  mainly  anixular,  only  y'^  being  well  worn.  Passinj;  to 
the  Tslo  of  Wight  this  rate  increases  to  i ;  and  in  Sussex  and  Kent 
it  further  increases  to  \  and  I  must  sav  that  I  feel  much 
tempted  to  explain  these  facts  by  supposing  that  on  the  flanks  o£ 
Bartmoor  we  are  near  to  the  granitic  rocks  from  which  the  sand 
was  derived,  and  that  in  bemg  drifted  from  it  further  and  farther 
eastward,  the  grains  ^vero  more  and  move  worn.  This  does,  indeed, 
seem  so  very  probable,  that  ]^erhaps  we  may  provisionally  adopt 
some  such  explanation  of  the  tacts. 

HaMinfjs  tSand,  tfr. — This  conclusion  is  strengthened  by  tlie 
character  of  the  other  sands  of  the  JS.E.  of  England.  The  Hastings 
Sand  at  Hastings,  and  the  Thanet  Sand  from  Crossness  are  about 
^  worn,  and  that  of  the  modem  Thames,  near  Richmond,  about  4 
worn,  which  is  in  striking  contrast  with  the  perfect  angularity  ot 
the  sand  of  the  Tay,  and  clearly  indientes  the  great  antiquity  of  the 
grains  and  the  great  distanee  to  which,  at  one  time  or  other,  they 
have  been  drifted  from  their  original  source  in  crystalline  rocks. 

iV^^w  Med  i:>andstone. — 1  have  examined  a  number  of  8j)ecimens 
from  various  places,  extending  from  Scotland  right  down  to  Devon- 
shire ;  and  what  struck  me  most  was  the  comparatively  uniform 
extent  of  the  wearing.  My  estimates  of  the  relative  number  of 
well-worn  grains  varied  from  '  to  '  .  The  only  important  dilTer- 
ence  is  in  a  specimen  from  Le:iiiiiii(^r(oii,  w  hich  is  so  far  corroded 
that  the  ant^Milar  grains  appear  more  numerous. 

AV'e  can  thus  draw  no  very  certain  conclusion  as  to  the  source  of 
the  material,  unless  indeed  it  be  that  we  as  it  were  cross  the 
line  of  drifting  transversely  in  passing  from  north  to  south.  The 
modern  sand  of  the  dunes  at  South])ort  is  no  more  worn  than  that 
of  the  beach  ;  and  both  are  very  iniu  h  like  the  \ew  Jled  Sandstone, 
from  which  probably  they  have  been  mainly  derived. 

Lower  Sew  lied^  tjc. — I  have  already  referred  to  the  extreme 
angularity  of  the  grains  in  the  Lower  Coal-measures  of  South 
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Yorkshire,  lii  the  Upper  Coal-measures,  and  in  the  Lower  New 
Bedy  (he  wearing  is  greater,  aad  approachea  Hnat  of  the  New  BecU 

As  an  ezaorale  of  extreme  wearing,  I  would  refer  to  the  blown 
aand  of  the  !E^3rptiaa  deaert,  in  which  almost  all  the  grains  are 
rounded,  evidently  on  account  of  the  mftWriftl  having  been  drifted 
about  by  the  wind  for  a  lon<^  period. 

I  very  much  rp<xret  that  1  have  not  bf^cji  able  to  treat  this  ques- 
tion of  the  \\  eariiig  oi  sand  in  a  more  satisfactory  manner,  but  yet 
hope  that  what  I  am  said  may,  at  all  erenta,  serre  to  prove  that 
we  maj  thna  leani  whether  sand  is  of  recent  and  comparatively 
local  origin,  or  very  ancient  and  tnnsported  far  from  its  original 
sonroe  by  drifting  along  the  bottom. 

Draetured  Graing, 

We  now  oome  to  anoilier  Und  of  mechanical  change,  vis.  not 
wearing,  bat  fracture.  That  this  dues  occur  is  clearly  shown  by 
the  occurrence  of  well-worn  rounded  grains  which  have  been 

broken  across,  and  by  the  occasionally  large  number  of  true 
splinters  and  chips.  Still,  on  the  whole,  the  amoiuit  of  change 
due  to  fracture  does  not  appear  to  be  great,  and  it  is  only  in  a 
few  instances  that  it  becomes  an  important  feature  of  grains 
of  an  indi  in  diameter.  The  most  striking  example  I  have  seen  is 
a  s^eeimen  from  the  Greensand  near  Aylesford,  which  appears  to 
indicate  some  unnsoaliy  violent  local  action. 


Cmroded  Sands, 

As  I  have  already  said,  the  quartz  grains  in  decomposed  granite 
appear  as  if  corroded.  Many  specimens  of  sand  also  show  what 
Is  probably  only  this  original  corrosion ;  but  sometimes  it  appears 
to  have  taken  place  after  the  grains  had  been  worn  and  deposited. 

In  typical  examples  the  surface  has  a  peculiar  texture,  difFering 
froni  1  liat  due  to  mechanical  wearing  or  to  crystallizatiou.  1  am  by 
no  nu-ans  auro  that  occasionally  corrosion  has  not  taken  place  in 
one  part  and  deposition  of  quartz  in  another,  even  in  the  case  of 
individual  grains.  The  extent  of  the  corrosion,  However,  is  usually 
very  small,  and  the  irre<^u]ar  solution  of  j^a-  pari:  of  an  inch  from 
the  surface  would  exphun  all  the  appearances.  That  well-rounded 
grains  in  porous  sandstones  may  retain  perfectly  all  the  original 
characters,  thoui^h  water  could,  and  prol  uMy  has,  largely  passed 
through  the  rock,  is  clearly  proved  by  some  specimens  of  the  IVew 
Bed.  Considering  that  we  could  easily  detect  the  irregular  re- 
moval of  ixfixiv  ^  ^  '^^^f  ^®  solubility  oi  quartz  in  water  must 
therefore  be  so  small  that  it  may  well  bo  said  to  be  insoluble. 
Perhaps,  when  corrosion  has  wcurred,  it  is  evidence  of  the  former 
presence  of  water  rendered  alkaline  by  the  decomposition  of  asso- 
ciated felspar. 

The  best  examples  of  corrosion  that  1  have  seen  are  from  the 
sand  below  the  3JLuguesiau  Limestone  at  Couisbrough,  from 
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the  New  Bed  at  Leamington,  and  from  the  Wealden  at  Mark 
Groee. 

Sand  wUh  Quartz  (hmiealbj  deposited  on  the  turfitee  ofihe  granu. 

Many  authors  have  already  described  what  they  have  called 
ert/stallizef.l  sand ;  but  I  think  they  have  often  mistaken  its  true 
natave.  In  Bome  caseB,  if  not  in  all,  the  grains  are  not  quarts 
rimply  deposited  in  a  orystaUine  Icvni,  hut  are  land  of  perfectly 
normal  character,  on  the  outer  surface  of  which  a  greater  or  leee 
amount  of  quartz  lias  been  deposited  in  crystalline  coutinnity  with 
that  of  the  orij^inal  nuclei.  The  phenomena  are  like  what  hap- 
pens when  an  irre<;ular  fra«i^ent  of  a  soluble  crystal  is  placed  in 
a  concentrated  solution  of  the  same  salt  slowly  evaporating.  The 
first  stage  of  the  process  is  the  restoration  of  tiie  oroken  angles  ; 
and  then  deposition  goes  on  over  the  whole  exposed  soifiKse,  in 
perfect  optical  and  crystalline  continuity,  so  as  to  chano^e  a  fardcen 
fra.E^ent  into  a  definite  crystal.  We  observe  precisely  the  same 
facts  in  the  case  of  the  sands  now  under  consideration. 

(lOod  examples  ul  tlu'  i-arly  of  the  process  nre  seen  in  the 

Old  lied  of  Cockburnspatli.  Tiie  origiual  grains  are  composed  o£ 
quarts  containing  cavities  and  granules,  whereas  that  deposited  on 
the  surface  is  qnite  dear,  and  the  line  of  junction  (^en  pcurfectly 
distinct.  Deposition,  to  any  marked  extent,  has  taken  place  only 
over  a  few ;  and  in  almost  every  case  merely  the  p\Tamidai  ends 
of  the  crystals  have  been  reproduced,  as  shown  by  iig.  1. 


I'ig.  1. — Sand-gra  'ui  with  slight 
deposition  of  Quartz. 


Fig.  2.' — /^a>nl-</i-ain  with  much 
Quartz  deposited  on  tlu  surface. 


The  more  complete  development  of  a  crystalline  form,  by  depo- 
sition over  the  whole  surface,  is  well  seen  in  the  saud  of  the 
Vosges,  described  by  M.  Daubree,  to  whom  I  am  indebted  for  a 
specimen.  The  nuclei  of  original  waterwom  sand  are  composed 
•of  quartz  containing  matiy  cavities  and  granules }  the  outer  surface 
is  rough  and  discoloured ;  and  over  the  whole  very  Hmj)id  quartz 
ha'J  bt'*Mi  d('posit(Ml  :  so  that  the  contrast  is  very  marked.  Xone 
has  Iteeu  dej)osited  on  tlie  surfaie  of  the  felspar  grains;  and  when 
a  grain  is  composed  partly  of  quarts  and  partly  of  felspar,  the  de- 
posit has  taken  place  only  on  the  quarts,  as  in  the  case  shown  hj 
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fig.  2,  which  exhibits  all  the  above-named  tacts  suiiu  w  liat  unusually 
well.  The  origiiiai  nucleus  and  the  deposited  4uartz  are  always 
in  ojaMSauB  oantinnity ;  to  ihat,  whm  rottted  in  polariaed  light, 
both  torn  dark  and  fight  BimnltaneooBly. 

The  contrast  between  the  original  nuclei  and  the  snbmquentlj 
deposited  quartz  is  also  very  well  seen  in  the  case  of  a  8]>eciinen  of 
the  New  Ked  Sandstone  from  Penrith,  kindly  i^'ivcn  to  mo  hy 
Prof.  Morrif*,  since  the  nuclei  are  stained  red  whilst  the  dej)osited 
(quartz  is  colourless,  as  luay  be  seen  at  once  by  examining  the  sand 
in  beniol.  We  thus  ako  learn  that  the  leddening  of  tiie  grains 
took  plaee  befoie  the  denositian  of  the  quarta. 

As  will  be  readily  understood,  if  the  original  nucleus  were  com- 
posed of  perfectly  limpid  quartz,  it  would  he  impossible  to  distin- 
t^ish  between  it  and  the  subsequent  deposit.  Possibly  this  is  why 
1  can  detect  no  nuclei  in  ilie  crystallized  oolitic  sand  at  Scar- 
borough, and  thus  there  is  no  positive  evidence  that  the  whole 
iras  not  deposited  chemicall  j. 

The  source  o£  the  qoarts  thns  chemically  deposited  on  the 
grains  of  sand  is  by  no  means  dear.  In  some  cases  it  may  be 
derived  from  the  decomposition  of  associated  felspar ;  but  much 
decomposed  felspar  may  be  present  without  any  such  deposition. 
I'os-^ibly  some  of  the  more  striking  examples  are  due  to  the  special 
local  action  o£  heated  water,  as  shown  by  M.  Uaubree  in  the  case 
of  the  Yosges  sand. 

I  hare  met  with  crystalliaed  sand  in  deposits  of  various  ages, 
fnnn  the  Oolites  down  to  the  Old  Ked.  Most  of  the  specimens 
were  very  friable,  and  the  grains  but  little  coherent.  In  some 
cases,  as  in  the  Oolitic  sand  at  Scarborough,  this  is  apparently  due 
to  the  removal  of  what  were  perha])8  grains  of  tlu'll-sand;  but 
still  there  is  suihciently  good  evidence  that  quartz  has  been  de- 
posited Ml  ntu.  In  some  other  specimens,  like  the  Kew  Bed  €i 
Penrith,  a  number  of  grains  may  often  be  seem  ediering  more 
strongly  than  the  rest;  and  these  show  clearly  that  l^e  cavitieB 
originally  existing  between  the  grains  have  been  more  or  less  com- 

f)leiely  tilled  with  quartz.  Moreover,  on  carefully  examining  the 
ess-coherent  grains  by  surface-iihiminatiou,  we  can  see,  not  only 
the  planes  and  angles  due  to  unimpeded  crystallization,  but  also 
note  or  less  deep  impressions,  doe  to  the  interference  of  contiguous 
gnais,  tiius  proving  conclusively  that  the  deposition  ol  crystelline 
quartz  took  place  after  the  nuclei  were  deposited  as  a  bed  of  normal 
sand.  The  very  imperfect  consohdation  sometimes  met  with  is, 
perhaps,  not  so  very  surprising  when  we  reflect  on  the  very  small 
coherence  of  many  large  quartz  cr^'stals  wliieli  are  yet  in  close 
iuxtaposilion.  However,  it  does  s^-m  probable  thai  this  crystal- 
liaaiion  of  quarts  sometimes  contributes  very  materially  to  the 
edhesokm  of  the  grains  in  hard  and  compact  qnartrites.  In  such 
esamplesas  the  Gannister  of  the  South  Yorkshire  coal'fieldwe  can 
see,  in  a  thin  section,  that  the  grains  fit  alongside  one  another  in  a 
very  striking  manner,  and  it  is  only  by  extreme  care  that  good 
proof  can  be  obtaiued  of  the  actual  deposiliou  of  cj^uartz  bet\i  eeu 
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them.  Howerer,  in  the  case  of  a  highly  oonsolidated  saadBtone 
from  Tfinidad  the  proof  d  t&e  depoaitioii  of  quarts  is  as  complete 

as  possible :  the  oatline  of  the  origina)  grains  of  sand  is  per&etlj 
distinct :  and  the  cavities  between  them  are  filled  with  clear  quartz 
in  cn'stalline  continuity  with  the  contiguous  grains ;  so  that  the 
whole  is  a  mass  of  interfering  crystals,  each  having  a  sand-grain 
as  a  nucleus.  The  rock  has  thus  been  convertcKi  into  a  hard 
quartiite,  ahuost  like  a  true  quarts  rock,  bat  differs  £rom  such 
quarts  rocks  as  those  of  the  Scotch  Highlands  in  containing  no 
mica  crystallized  in  aUu,  All  my  specimens  of  these  quartz  rocks 
are  really  higlily  quartzose  mica-schists ;  and,  so  far,  I  have  failed 
in  mv  endeavours  to  trace  the  connexion  Ix't  woon  them  and  true 
sandstones,  though  possibly  this  could  easily  be  done  in  some 
districts  which  I  have  not  examined. 

We  csa  tims  trsoe  the  history  of  quarti-sand  £rom  its  origin  in 
crystalline  rocks  through  difierent  mechanical  and  chemical  changes, 
all  of  which  may  be  paralleled  with  what  has  occurred  in  the  case 
of  the  calcareous  sand  derived  from  organic  bodies.  As  shown  in 
my  address  last  year,  we  have  in  them  a  falling  to  pieces  by  decay, 
a  mechanical  breaking  up  and  wearing  down,  as  well  as  corrosion 
and  the  subsequent  deposition  o£  calcite;  but  of  course  many 
of  the  facts  are  Tery  dizEerent,  on  account  of  the  totally  diflevent 
chemical  properties  of  carbonate  of  lime  and  quarta. 

InUmat  Strueiure  of  the  Oraing, 

Having  now  considered  the  external  form  of  the  grains,  it 
remains  to  consider  their  internal  structure  in  a  few  special  ex- 
amples. 

MilhUme  &rU  of  the  mig^Aourhood  of  8hiffiMr—Th»  grains  of 
quartz  are,  on  the  whole,  extremely  angular,  and,  as  a  general  rule» 
show  little  trace  of  wearing ;  so  that  portions  of  decomposed  felspar 
still  frequently  fill  irregularities  on  the  surface,  and  greatly  inter- 
fere with  our  view  of  the  internal  structure.  A  few  fragments  of 
uudecomposed  felspar  also  occur  ;  but  the  greater  number  have 
been  decomposed,  and  tho  kaolin  squeezed  in  between  the  grains 
of  quarts.  Occasionally  we  meet  with  what  may  be  called  grains 
of  granite.  On  the  whole,  by  far  the  greater  part  of  the  material 
is  as  if  derived  from  decomposed  granite ;  but  a  few  grains  are  as 
if  derived  from  schists.  The  oecasional  occurrence  of  })ebbles  of  a 
somewhat  coarse-grained  granite,  along  with  many  composed 
entirely  of  quartz  or  felspar,  strongly  coutirms  the  conclusion  thus 
arrived  at  from  the  study  of  the  grains  of  sand.  The  internal 
structure  of  the  quarts  indicates  that  the  granite  was  of  a  type 
differing  from  many  others ;  but  one  of  the  most  striking  characters 
is  that  there  are  many  very  minute  iln id-cavities,  with  most  un- 
usually minute  bubbles,  moving  about  with  extreme  apparent  rapi- 
dity. .Souk*  trrains  contain  Hakes  of  mica ;  schorl  is  rare,  if  not 
absent;  but  hair-like  crystals  of  rutilo  are  common. 

Blown  Sand  of  the  Ejyptvin  DeserU — This  is  au  admirably  ex- 
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treme  example  of  blown  sand,  differing  in  a  remarkable  manner 
from  tite  lulktone  Grit.  The  grains  seldom  show  any  sharp 
angles,  and  are  nsnally  so  much  worn  that  the  original  external 
aunaoe  most  have  been  almost  wholly  xemoved.  A  few  are  worn 
do\\n  to  nearly  perfect  spheres.  Some  are  flat,  as  though  derived 
from  schists  ;  but  by  far  the  greater  part  are  as  if  derived  from 
granit-e  and  felsite,  or  from  some  rock  of  intermediate  character. 
Fluid- cavities  are  not  common  ;  but  when  they  occur  they  are  some- 
what large  for  granite.  A  £ew  enclosed  particles  of  felsite  paste 
may  be  seen,  and  also,  in  some  cases,  flakes  of  mica  or  crystals  of 
schorl.  Occasionally  we  see  grains  of  jasper.  On  the  whole  it 
appears  as  though  tlus  sand  had  been  derived  from  rocks  of  varying 

Modern  Sand  of  the  rAa?n«».— Flints-sand  plays  an  important 
part  in  the  modam  deposits  of  the  Thames.  counting  a  laige 
number  of  grains  sera  under  the  microscope,  I  nmnd  tiiat  between 
Biohmond  and  Brentford  the  proportion  of  flint  to  the  entire 

amount  of  siliceous  sand  is  about  4|  per  cent.,  but  decreases  as  we 
pass  down  the  river,  until  near  Gravesend  it  is  reduced  to  less 
than  3  per  cent.  I  have  no  doubt  that  a  large  part  of  this  is 
derived  from  the  flint-gravel  used  to  make  or  repair  the  roads, 
since  the  drift  from  contains  10  or  20  per  cent.,  and  occa- 
sionally more.  In  the  old  dt  posits  of  the  Thames  valley,  like  the 
sand  of  Hyde  Park  or  the  Ihanet  Sand,  the  amount  of  flint  is  only 
1  per  cent. ;  and  thus  in  such  a  district  we  might  form  some  idea 
as  to  the  relative  age  of  different  more  or  less  modern  deposits.  T 
mav  also  here  allude  to  the  occasional  large  amount  of  coke  dust 
and  rounded  ot  angukur  grains  of  coal  in  very  modem  send  beds 
or  mud  banks  formed  in  the  neighbourhood  of  a  large  popu- 
lation. 

Terrace-sand  in  the  valhy  of  the  Tay  at  Dunl-dd, — This  is  a  c:ood 
example  of  sand  derived  from  schists.  The  most  striking  feature 
is  that  the  fragments  of  quartz  are,  on  the  wliole,  much  flattened, 
and  contain  very  few  fluid-cavities.  These  are  associated  with 
many  flakes  of  green  and  colourless  mica,  and  with  fragments  of 
boml^nde,  as  well  as  a  few  of  garnet  and  other  minerals.  Amongst 
the  coarser  grains  are  many  of  true  mica-schist  not  broken  up  into 
its  separate  constituents. 

Trias  Sand  at  Fair/nton. — This  contains  many  rounded  frag- 
meiitvs  of  w  hat  appears  to  have  been  a  hard  slate  rock,  distinguished 
from  grains  of  partially  decomposed  felspar  by  the  presence  of  the 
usual  minute  hair-like  crystals  of  bhu^  oxide  of  iron  lying  in  the 
plane  of  deavage.  The  associated  quarts  grains  are  a  little,  but 
not  much,  orn,  and  indicate  that  they  were  derived  from  both 
granites  and  sfhists. 

These  few  examples  mu>t  be  looked  upon  merely  as  illustrations 
of  what  may  be  learned  by  studying  the  grains  in  detail;  and 
further  and  more  striking  exampkui  vrall  be  described  when  treat- 
ing of  slate-rocks  and  sdusts. 
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Mud  and  Clay, 

I  do  not  see  how  it  would  be  possible  to  Moesrtain  the  true 
nature  ol  the  rock  which  nve  rise  to  the  kaolin  or  other  miniite 
granules  met  with  iii  mira  or  clay,  unless  it  were  by  observing 
their  connexion  with  other  associated  matt'rials.  As  far  as  llio  in- 
dividual particles  are  concerned,  \ve  can  do  little  more  than  distin- 
crnish  l)et\\een  inorc  or  less  irresjiilar  granules,  miinitt^  ilakes  of 
luicu,  and  needle-like  ohsnis.  In  many  cases  it  would  be  difficult  or 
impossible,  eren  to  aedde  to  what  mineral  swedes  sneh  mmute 
grannies  belone ;  and  in  using  the  term  mica^  it  must  be  under- 
stood that  I  do  not  mean  any  one  particular  mineral,  but  rather 
any  of  those  minerals  which  have  the  snme  laminar  structure  as 
mica,  and  an  axis  of  chisticity  perpendicular  to  the  laiinna\  along 
wliicli  the  double  refraction  is  negative.  Still,  notwithstanding 
these  difficulties,  a  good  deal  may  be  learned  in  one  way  or  other. 

The  most  striking  differences  between  different  specimens  of 
mud  and  clay  depend  on  a  greater  or  less  variation  in  the  amount 
of  mica,  calcareous  granules,  and  sand  mixed  with  the  unidenti- 
fiable granules ;  but  these  difference's  do  not  necessarily  eTiable  us 
to  trace  the  material  to  its  tnie  source.  Larger  grains  of  com- 
pound rocks,  either  in  the  clay  itscU"  or  in  closely  associated  beds, 
may,  howoTer,  furnish  good  evidence  of  the  lame  origin  of  the 
material,  if  proper  allowance  be  made  for  the  hardness  of  the 
various  rof^s  or  minerals.  It  is  very  important  to  do  this,  since 
the  larger  compound  fragments  may  re])resent  only  the  Aery  hardest 
rocks,  and  the  great  mass  of  the  fine-grained  mud  may  have  been 
dcriM'd  Ironi  associated  soft  rocks  which  have  been  completely 
disuitegrated. 

It  would  extend  this  address  to  an  unreasonable  length  to  describe 
in  detail  the  structure  of  our  various  groups  of  stratified  rocks ; 
and  before  any  general  conclusions  could  be  formed  it  would  be 

necessary  to  examine  a  very  extensive  series  of  specimens.  Still 
the  method  I  now  describe  does  seem  to  lead  to  some  valuable 
results,  even  though  I  have  been  able  to  apply  it  to  only  a  limited 
extent. 

In  the  more  modem  strata,  down  to  the  Devonians,  the  sandy 
beds  of  which  are  mainly  composed  of  quartz  grains  derived  chiefly 
from  granite  Mhen  coai'se,  and  from  scln'sfs  when  fine,  the  asso- 

cialrd  clays  and  shales  very  conmionly  contain  scattered  gniins  of 
similar  sand,  but  are  chielly  composed  of  minute  granules  of  de- 
composed felspar,  flakes  of  mica,  and  the  other  minute  particles 
already  mentioned.  Compared  with  the  deposits  of  the  deep 
oceans,  many  of  our  more  modern  fine-grain»Hl  mud  deposits  are 
characterized  not  oidy  by  the  ahscjice  of  minute  calcareous  or- 
ganisms, hut  also  by  the  comparative  absence  of  pumice  and  other 
true  volcanic  products.  I  hesitate  to  alllrni  that  pinnice  is  com- 
pletely absent.  It  certainly  does  occur  abundantly  iu  some  of  the 
Carboniferous  strata  of  Scotland,  which  are  associated  with  erupted 
rocks ;  and,  judging  from  its  remarkably  wide  distribution  in  the 
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modern  oceanic  deposits  brought  back  by  tlie  *  C'luvllenger,'  I  am 
quit*}  prepared  to  meet  with  it  occasionally  in  many  of  our  strati- 
fied rocks,  which  I  have  not  yet  adequately  examined  to  decide 
this  spedal  point. 

Deposits  nuunly  composed  of  inert  substances  like  quartz,  micsi, 
and  kaolin  can  undergo  little  further  change.  The  complete 
decomposition  of  tlie  fV!s])ar.  however,  may  not  occur  until  after 
the  mati'Hal  has  been  deposited  ;  and  its  fnrtluu'  decomposition 
may  give  rise  to  quartz  or  opal;  and  the  decomposition  of  the 
hornblende  and  analogous  minerals  may  also  give  rise  to  silicates 
of  iron  and  other  proSlacts,  formed  in  titu.  The  amount  of  such 
changes  does  not  appear  to  have  bem  wry  considerable  in  the 
case  of  mo^t  of  our  more  recent  l']ii<;li.sli  rm  ks;  but  still  I  think 
we  must  attribute  to  it  some  well-marked  characters,  and  a  more 
or  less  considerable  share  in  cementing  the  grains  together  to  form 
a  hardened  rock.  It  is  more  especially  in  the  case  of  volcanic 
ashes  that  we  should  expect  to  find  this  sort  of  action  at  a  maxi- 
mum, since  they  are  often  to  such  a  large  extent  compoeed  of 
unstable  minerals,  ready  to  undergo  great  changes  when  snr- 
rounded  by  wet  mud. 


LamincUion  of  Shales,  ^-c, 

I  am  sure  that  most  gcolo<]^s{s  must  have  been  struck  with  the 
great  similarity  between  the  laminar  fracture  of  many  shales  and 
the  cleavage  of  im])orfeet  slates.  Tt  is.  in  fact,  a  sort  of  cleavage 
in  the  plane  of  stratiticatioii.  I  do  not  refer  to  thin  Ijeds  of 
differentemineral  character  in  the  plane  of  deposition,  but  to  the 
more  irregular  lamination  of  thick-bedded  shales. 

In  order  to  throw  light  on  this  question  I  made  a  careful  ex- 
periment with  some  fine  grained  mud  from  2f)<  "»  fathoms  in  the '-^^^ 
8outh  Pacific,  collected  by  the  '  Challrnrjer.'  ^Such  line-grained 
mu<ls  have  a  very  peculiar  propt  rty,  w  bich  must  ])lay  an  important 
part  in  their  origin  and  structure,  Wbeji  sns])eiKled  in  water  the 
grains  of  sand  which  they  contain  do  not  separate  aiid  subside 
quickly,  and  leave  the  fine'mnd  suspended  for  a  lonp;  time ;  but  the 
coarser  and  the  finest  particles  rapidly  coalesce  mto  compound 
granule,  which  subside  at  a  more  uniform  and  intermediate  rate, 
poon  leavinf^  the  water  clear.  This  property  readily  explains  why 
Hueh  tine-grained  mud  so  often  contains  grains  of  sand.  By 
gentle  agitation  the  coalescence  may  be  to  some  extent  prevented. 
Now,  having  mixed  some  of  this  Pacific  mud  with  water,  and 
hftving  kept  it  until  no  further  subsidence  occurred  in  several 
weeks,  1  determined  the  amounts  of  water  and  solid  matter  in  the 
stiff  pasty  deposit,  and  found  that  the  actual  bulk  of  the  solid 
matter  was  only  11  per  cent,  of  the  whole,  and  that  the  spec.  prav. 
of  this  solid  matter  was  2*(jo.  As  far  as  I  can  judi^e.  the  volume 
of  the  solid  matter  in  shales  containing  no  infiltrated  matter  may 
be  considered  to  be  at  least  75  per  cent. ;  and  hence  the  squeezinff- 
oat  of  the  water  from  material  like  the  simply  deposited  Eacilo 
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mud  to  form  such  a  shale,  would  reduce  the  thickness  to  at  least 
one  sixth.  Such  ft  ehaiige  would  be  quite  adequate  to  develop  a 
fissile  structure  nearly-  in  the  plane  <x  bedding,  which,  however, 
oould  not  be  so  perfect  as  the  cleavage  in  the  best  slates,  on 
aeeoimt  of  the  ultimate  particles  being  chiefly  gnuiules  and  not 
lamiuffi. 

Slate  Hoeks  in  general. 

In  studying  cleaved  date  rocks  it  is  sometimes  most  important 

to  prepare  and  examine  sections  cut  in  several  different  directions. 
I  strongly  suspect  that  the  neglect  to  do  this  is  the  reason  why 
some  statements  made  by  oilier  writers  on  this  subjeet  differ 
materially  from  my  own.  If  the  cleavage  be  well  developed,  it  is 
best  to  select  specimens  in  which  it  is  at  right  angles  to  the  plane 
of  stratification,  since  then  there  is  less  fear  of  oonfountting 
together  the  original  and  the  superinduced  structures.  In  any 
ease  the  angle  of  their  intersection  should  be  knowTi.  It  is 
desirable  to  prepan*  sections  at  right  angles  to  the  c]ea^a^e,  b(^th 
in  the  line  of  its  dip  and  in  that  of  its  strike,  since  in  many  cases 
there  is  as  much  difference  in  the  structure  in  these  two  directions 
as  between  a  slate  with  very  perfect  cleavage  and  one  with  a  much 
less  perfect.  It  is,  however,  still  more  important  to  prepare  also 
sections  in  the  plane  of  cleavage,  since  the  general  appearance  of 
a  section  thus  rut  maybe  so  very  different  to  that  from  one  at  right 
angles  to  the  clravagt'.  that  any  one  might  easily  mistake  it  for  a 
section  of  a  totally  different  rock. 

When,  nearly  thirty  years  ago,  I  commenced  the  stud^^  of  the 
microscopical  structure  of  slates,  especially  in  connexion  mth  their 
deavage,  I  was  struck  with  the  remarkable  difference  h>tween  the 
constitution  of  many  so-called  r/fry-slates  and  modern  deposits  of 
true  clay.  T  found  that  in  some  slat<'s  the  relative  amount  of 
very  tint*  granular  material  analogous  to  kaMlin  \sas  verv  small, 
\\liiUt  thai  of  mica,  or  some  closely  allied  luniiuar  mmeral,  was 
very  large.  This  does  not  occur  in  plates  of  considerable  sise,  like 
the  mica  in  many  stratified  rocks,  but  mainly  in  the  form  of  flakes 
so  minute  that  in  the  best  Welsh  slates  their  average  size  may 
be  taken  at  tt,',.o       ^^i  inch  broad,  and  of  an  inch  thick, 

whilst  many  an?  considrrably  less  ;  separately  they  are  altogether 
invisible  to  the  naked  eye,  and  at  most  only  serve  to  gi\e  a  silky 
lustre  to  the  rock  when  they  lie  chiefly  in  the  plane  of  the 
fracture. 

Since  it  is  a  point  of  much  importance,  it  apj>ear8  to  me  desirable 
to  state  clearly  what  is  the  evidence  in  favour  of  these  conclusions. 
The  structure  is  best  seen  in  black  slates,  like  some  near  Llan- 
bt^ris,  since  the  immense  mnnber  of  red  grains  in  purple  slates 
interferes  with  accurate  observations.  \V  hen  a  section  of  this 
black  slate,  cut  at  right  angles  to  the  cleavage  in  the  line  of  the 
dip,  is  examined  witli  a  power  of  about  2of>  linear,  we  can  clearly 
see  that  the  great  bulk  of  the  rock  is  made  up  of  what  look  like 
transparent  fibres,  which,  so  ^  as  the  mere  appearance  of  this 
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one  section  is  concerned,  might  be  either  needles,  like  hornblende, 
or  transverse  sections  of  lamina?,  like  Hakes  of  mica.    The  greater 
part  o£  these  lie  nearly  in  the  plane  of  cleavage ;  but  some  are 
indinfid  to  it  ftt  a  more  or  less  considerable  angle.  Amongst 
these  flakes  or  fibres  ooenr  objects  wiiidi  Jook  hke  extremely  fine 
black  bttra,  their  thickness  being  often  less  than  5-^  ^770  <^ 
inch,  which,  howevw,  so  far  as  this  appearance  is  concerned,  might 
be  transverse  sections  of  <!i1ti  plites.    A  section  cut  in  the  line  of 
strike  (lifters  only  in  showing  that  the  needles  or  lamiuje  lie  less 
completely  in  the  plane  of  cleavage.    Of  course,  if  the  objects 
which  appear  to  be  fibres  were  really  needles,  like  those  of  horn- 
blende, we  should  also  see  them  of  similar  form  in  a  section  cot 
in  the  plane  of  cleavage,  and  they  would  depolarize  light  as 
strongly  as  before;  whereas,  if  they  were  laminrp  of  mica,  they 
would  show  no  well-marked  outline,  because  the  flakes  would  lie 
one  over  tlie  other,  and  they  would  scarcely  de])olarize.  because  the 
light  would  pass  through  them  in  the  direction  along  which  there 
is  little  or  no  doable  re&action.  Now,  when  we  examine  a  section 
of  thei^Nnre-named  black  slate  so  cat,  we  do  see,  as  before,  the 
small  hh/Ai  hairs,  which  therefore  must  really  be  needles ;  but  at 
the  same  time  we  clearly  see  that  the  colourless  main  constituent 
of  the  rock  must  l>e  in  the  form  of  flat  plates,  as  truly  laminar  as 
mica,  since  no  more  of  apparently  needle-shaped  form  are  vi-ihle 
than  correspond  to  the  transverse  sections  of  those  laminae  which 
are  inclined  at  a  more  or  less  considerable  angle  to  the  plane  of 
cleavage.   The  difference  in  the  appearance  is,  in  fact,  analogous 
to  that  seen  in  sections  of  mica-schist  cut  nt  rijfht  angles  and 
parallel  to  the  foliiitiim.    The  result  of  this  structure  is  that  a 
\^ell-oleftN  ed  siate  of  this  type  depolarizes  like  a  uniaxial  crystal 
having  the  principal  axis  perpendicular  to  the  cleavage. 

It  is  quite  possible  that  some  much  more  modem  deposits  in 
other  parts  of  the  world  may  haye  the  same  structoie  as  these 
slates ;  but  I  have  not  met  with  anj  in  our  own  countiy  more  re- 
cent than  the  Devonian.  Tt  is,  however,  not  merely  a  question  of 
age,  BUHf"  some  of  the  sf  rata  of  our  Silurian  and  older  rocks  have  a 
constitution  similar  to  that  of  modern  clavs.  Whatever  mav  be 
the  true  nature  of  this  colourless  laminar  mineral,  its  optical  cha- 
racters closely  correspond  to  those  of  mica,  and  it  has  afar  stronger 
depolarizing-power  than  chlorite.  I  am  inclined  to  believe  that 
tbe  black  hair-like  crystals  are  magnetite.  For  a  long  time  I 
thought  it  probable  that  the  micaceous  mineral  had  been  formed  in 
situ  by  an  alteration  of  partially  decomposed  felspar,  so  that  the 
rock  might  bo  looked  upon  as  analogous  to  the  pseudoraorphs  of 
chlorite  or  talc  abceadr  described.  Such  a  crystaJlisation  01  mica 
has  most  unqaestionably  occurred  in  some  of  those  fine-grained 
slaty-looking  rocks  which  are  a  connecting-link  between  slates  and 
schists  ;  but  the  resultiivj  structure  is  very  difTer<^nt  from  what  I 
look  upon  as  tyjjical  of  true  slates.  When  thus  formed  in  sitii^ 
th(«  crystals  of  mica  an^  not  stratitied,  but  lie  at  all  possible  azi- 
muths, and,  moreover,  have  collected  about  special  centres ;  so  that 
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the  striK'tiiri'  is  mtv  far  from  uniform,  and  more  analogdus  1o  that 
of  a  concretionary  iljun  to  that  of  a  bedded  rock.  On  tlie  contrary, 
in  typical  slates  there  is  an  almost  complete  uniformity  in  a  hori- 
jKmtal  direction  along  each  thin  bed,  though  each  may  di£Per  much 
TorticaUy  from  its  neighbours  in  the  relative  amount  of  the  different 
constitiHMits,  oven  when  the  layers  are  as  thin  as  paper.  Tlie  whole 
striK-tur»'  i->,  in  fart,  just  such  as  would  result  from  the  depo- 
sit ion  of  material  sorted  by  gentle  currents,  and  ^ubsequently  com- 
pressed vertically  by  the  pressure  of  overlying  strata,  or  laterally  bj 
that  which  gave  rise  to  slaty  cleavage.  At  the  same  time  it  aj)pear8 
to  me  equally  certain  that  laminar  minerals  of  the  chlorite  or  talc 
groups  have  l)een  fornu'd  since  the  disposition  of  the  rock,  and  crys- 
tallizt'd  in  sitfi.  witlu)ut  nuilerially  altering  the  general  structure. 
8ome  thin  bands,  and  perhaj)s  even  thicker  K'ds,  are  indeed  exclu- 
sively composed  of  these  more  recently  formed  minerals;  but  the 
development  in  situ  of  hydrous  silicates  is  a  very  different  thing  from 
the  crystallization  of  the  mica.  For  these  reasons  1  am  disposed  to 
think  it  far  more  probable  that  the  prini  i{)al,  typical,  micaceous 
constituent  of  the  slati'S  now  under  consideration  was  derived  from 
the  disLntegration  of  an  older  rock,  and  that  the  ditTerence  In  tueen 
what  we  may  call  kaolinitic  and  micaceous  clay-slates  depended  on 
the  constitution  of  the  rocks  which  furnished  the  material.  I'els- 
pathic  felsites  and  coarse-grained  granites,  even  when  very  mica- 
ceous, could  yield  only  kaolinitic  clays  ;  whereas  the  fine-grained 
micaceous  felsites  already  mentioned  could  yield,  and,  as  I  think, 
have  yielded,  the  niatei-ia!  of  the  nn'caeeons  elav-slates.  In  \hcu\ 
the  mica  exists  ill  ^ucli  small  particles  that  it  lias  not  l>een  sepa- 
rated from  the  Lavjiin,  wlu  reas  in  the  case  of  granites  the  plates  of 
mica,  heing  comparatively  very  large,  chiefly  remained  associated 
with  the  quartz,  and  gave  rise  to  micaceous  sandstones.  Perhaps 
some  minor  difficulties  may  remain;  but  this  supposition  will  ex- 
explain  the  principal  facts  in  a  very  satisfactory  manner.  As  an 
excellent  illnsi  rai  ion  of  this  subject,!  will  describe  some  of  the 
slate  rocks  of  2sorth  Wales. 


Slate  llocI,s  of  XortJi  Wal  .'i, 

In  order  to  learn  the  source  of  the  material  of  the  fine-grained 
beds,  it  is  obviously  Ix  st  to  study  such  a  coarse-grained  deposit  as 
that  met  with  in  a  small  quarry  at  Fi'lin  Cocliwillin,  Het  liesda,  near 
Bangor.  In  this  rock  the  constituent  fragments  \ary  from  y'-  to 
•j^Y  diameter.  I  presume  that  most  geologists  would 

call  it  an  ash  bed;  but  at  the  same  time  I  think  that  no  simple 
examination  of  the  rock  in  its  natural  state  wt)u](l  suffice  to  decide 
whether  it  wa-<  a  True  ash  or  ftirtned  of  the  detritus  of  iirneous 
rocks.  Careful  uncroscopical  exaininalion  does.  ho\\  ever,  show  that 
it  was  in  all  probability  a  true  felsitic  ash.  since  the  grains  are  not 
as  though  formed  by  the  mere  breaking  up  of  a  solid  rock  consoli- 
dated under  pressure.  Some  of  the  ^gments  are  an  imperfect 
pumice ;  and  the  ciystals  of  febpar  and  the  fra^ents  of  the  felsitic 
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boae  often  oontain  m  perfect  empty,  more  or  less  spherical,  bubbles 
as  bad  artificial  glass.  The  qnarta  grains  also  appear  to  have  been 
derived  from  a  quartz-felsite,  since  they  not  only  \m\o  the  charac- 
teristic crystalline  shape  and  internal  structure  of  such  quartz,  bat 
occasionally  are  attm-hed  to  or  enclose  portions  of  the  ft'lsitic  base. 
The  structure  of  this  base  varies  considerablv  in  different  fra'Tniciits, 
but  corresponds  closely  with  that  of  the  various  massive  f elsites  found 
in  the  district.  Sometimes  these  aie  simply  felspathic,  but  usually 
contain  a  large  amount  of  a  micaceous  minml,  easily  recognized  by 
its  shape  and  optical  characters.  The  amount  of  ppranules  and 
needles  of  magnetite  or  il men ite  varies  much,  oven  in  different  parts 
of  the  same  fraj^mcnt.  Occasionally  we  see  black  grains  of  basalt, 
and  sometimes  fragments  of  what  may  have  been  augito  altered  into 
a  deep-green  laminar  mineral,  which  we  may  call  chlorite,  quite  un- 
Hke  the  mica  in  tiie  felsites.  Judging  from  analogy,  the  associated 
aug^te  or  olivine  was  probably  the  source  of  the  more  considerable 
amount  of  the  same  pjreen  chioritic  mineral  which  fills  the  cavities 
in  the  imperfect  pumice  and  the  inters])aees  between  the  constituent 
frn^iu^'nts  of  the  whole  rock.  It  has  also  \o  a  s]iL,'ht  extent  pene- 
trated into  the  felsitic  fragments,  and  appears  to  have  partially  re- 
placed the  felspar ;  so  fhat  some  fragments  may  be  looled  upon  as 
imperfect  pseudomorphs.  A  few  grains  may  have  been  derived 
from  an  older  slate ;  out  yet,  on  the  whole,  I  think  we  ou^t  to 
regard  the  rock  as  a  consolidated  quartzose  felsitic  ash. 

Tf  the  niieaeeous  basis  of  this  ash  were  worn  down  in  the  crater 
into  dust,  or  more  completely  decomposed  by  weathering,  and  tlio 
material  aften^ards  sorted  by  gentle  currents  of  water,  it  v^ould 
yield  a  deposit  coiresponding  in  all  essential  t»^cnlars  with  the 
fine-grained  slates  of  Penrhyn  and  Llanberis,  allow  ance,  of  course^ 
being  made  for  subsequent  chemical  and  mechanical  changes.  Thus, 
fnr  example,  several  different  laminar  chioritic  or  talcose  minerals 
have  crystallized  out,  not,  as  in  the  coarse-grained  rock,  only  in  the 
cavities,  but  have  pushed  aside  and  displaced  the  surrounding  ma- 
terial. Vast  numbers  of  smsll  red  crystals  of  specular  iron  or  very 
minute  Uack  needles  of  some  other  less-oxidized  iron  mineral  have 
been  formed  in  ntu ;  whilst  occasionally  calcite  and  quartz  havo 
been  deposite<l  in  crystals  of  some  size  or  disseminated  through 
the  nx'k,  so  as  to  greatly  increase  its  solidity.  The  structure  has 
also  l>een  much  altered  by  the  pressiire  which  gave  rise  to  cleavage. 

Other  betls  in  the  same  grou^  of  rocks  differ  very  widely  from 
those  just  described,  and  contain  little  mica  and  much  material 
analogous  to  kaolin,  as  though  either  derived  from  the  decom- 
position of  ash  or  rocks  containing  much  less  mica  and  more 
felspar  than  that  which  yieldt  (I  the  material  of  the  Penrhyn  and 
Tilanlx'ris  slates,  or  separated  from  the  more  micaceous  material  by 
currents. 

It  is  perhaps  scarcely  needful  to  say  that  when  I  speak  of  the 
nuteriaf  having  originated  firom  any  particnlar  kind  of  rock,  I  mean 
that  it  did  so  in  the  Jlrgt  itiatance.  It  by  no  means  follow  h  that  it 
was  so  derived  dirteUy^  and  was  not  previously  deposited  and  again 
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brdcsn  up,  before  beiug  finally  aoeomulated  in  tiie  rodn  in  whicli 
we  now  find  it. 

Dwdopmmt  ofSlaiy  Cleavage. 

Whilst  now  treating  on  the  Btructure  of  tlie  fine-grained  slates, 
it  will  be  well  to  ccmsider  some  facts  connected  with  deavage 
which  until  quite  rccentLj  have  been  a  great  pusde  to  me.  As 

I  pointed  out  in  vnnons  ])apors  publit^hed  many  years  ago,  the 
stnicture  of  well-cleaved  slut  cm,  like  those  of  I'enrhyn,  may  be 
eaj>iiy  exj)lained  by  supp«>'<in£:  tliat  tlie  ultimate  partirles  of  mica 
were  originally  inclined  in  a  nearly  uniform  manner  in  all  direc- 
tions, and  were  subsequently  rearrangeil  by  lateral  pressure,  so  as 
to  lie  more  or  less  completely  in  the  plane  along  which  the  rock 
yielded  as  a  plastio  substance.  There  is  so  much  independent 
proof  of  pressure  havincf  aeted  in  th«^  direction  and  to  tlie  extent 
necessary  to  explain  all  the  various  phenomena,  and  tli<*  mechani- 
cal theory  of  ciea\age  is  now  so  generally  a<;cepted,  that  it  may 
perhaps  be  thought  superfluous  to  support  it  by  further  facts. 
There  was,  however,  always  this  difficulty,  that  I  had  never  found 
any  uncleaved  slate-rock  having  noiv  the  exact  structure  which  I 
assumed  that  the  cleaved  rocks  had  originally ;  and  in  endeavouring 
to  gradually  trace  back  the  structun»  of  slates  having  a  very  perfect 
cleavage  to  those  having  none,  T  did  not  find,  as  I  anticipated,  a 
gradual  passage,  but  such  an  apparent  break  of  continuity  as  to 
kod  me  to  conclude  that  there  are  two  distinct  types  of  cleaTage^ 
one  due  to  the  arrangement  of  the  ultimate  atoms  when  the  rock 
yielded  as  a  plastic  substance,  andtibe  other  due  to  very  dose  joints 
when  it  yielded  by  fractures  like  a  partially  rigid  substance.  'S\oTB 
careiul  and  detailed  examination  of  other  s])ecimens,  hoNvever,  has 
con\incod  me  that,  though  in  some  cases  my  original  explanation  of 
very  perfect  deavage  may  be  true,  yet  very  often  the  two  kinds  of 
structure  are  only  different  stages  of  one  process.  Thus,  for  ex- 
ample, some  of  the  undisturbed  parts  of  a  very  imperfectly  cleaved 
slate  from  Liskt  ard  sliow  very  clearly  that  the  original  structure 
was  merely  tine  laniinution  in  the  ])lane  of  deposition,  nearly  all  the 
minute  liakes  of  mica  lying  in  the  plane  of  .stratification.  These 
beds  are  of  such  ej^treme  thinness  that  occasionally  they  are  only 
ttjW     ^  tliidmess.    In  some  parts  they  have  been 

squeezed  by  lateral  compression  into  contortions  similar  to  those 
often  seen  on  a  large  scale,  only  so  small  that  they  are  invisible  to 
the  naked  eye.  AVhen  nuignified  about  100  linear,  the  general 
api)earance  is  as  shown  by  fig.  3, 

It  is  obvious,  how  ever,  that  such  a  rock  could  yield  in  this  manner 
only  to  a  very  moderate  extent  without  the  contortions  breaking 
and  the  detached  portions  moving  one  over  the  other,  so  as  to  give 
rise  to  a  system  of  approximately  parallel  planes  of  discontinuity, 
or  close  joints,  as  shown  by  fig.  4,  which  also  is  magnified  about 
TOO  linear.  These  are  similar  to  those  w  hich  may  be  seen  so  well 
in  the  mica-schist  on  the  shore  of  Loch  Lomond,  not  for  south  of 
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Tarbet ;  only  they  are  on  a  scale  about  as  large,  and  therefore 
the  rock  appears  to  have  an  imperfect  cleavage  throughout  rather 
than  a  jointed  structure.  Here,  then,  we  have  an  imperfect  clea- 
▼agB  due  to  tbe  lateral  yielding  of  a  roiek  oompoaed  of  material  not 
tardy  plaatic  in  its  ultimate  ccmstitation. 


Pig.  Lukmrd^  wUh  fig.  4.Skae,  LUkeard,  wUh 

ndmUe  eontor1um$,  planet  of  diacontinuUy, 


Pig.  6, — Slate,  Shnp,  ditturbed         Pi?.    — Shfe,  LJonhn-ix^  with 
Juj  prtssure.  u  ell-iUveloped  cleaviuje. 


The  peculiar  laminated  strncturo  of  this  Liskeard  slate  appears  to 
have  favoured  the  production  of  this  close-joint od  structure,  and 
the  jcnnta  are  still  rurtber  marked  by  tbe  subsequent  introduction 
of  Mack  oxide  of  iron ;  bat  in  some  cases,  as  in  the  pencil-slate  of 
8bap,  the  flakes  of  mica  which  constitute  nearly  the  whole  of  the 
rock  have  been  thrown  out  of  their  original  position  in  a  similar 
manner  to  the  contorted  material  of  the  Li.sk<'ard  slate,  often  with- 
out the  formation  of  definite  contortions  or  jointH,  as  shown  some- 
what diugrumutically  by  tig.  5,  magnified  about  2U0  liuear. 

We  thna  aniTe  ai  a  stmctoze  in  wldch  the  flakes  in  each  minute 
Inroken  portion  do  lie  in  tbe  plane  of  stratification,  but  this  plane 
is  so  contorted  and  broken  up,  that,  as  seen  in  a  section  cut  at 
right  angles  to  lioth  bedding  and  cloavngo,  they  are  nearly  equally 
inclined  at  all  azimuths.  The  amount  of  the  lateral  yielding  of 
the  moss  necessary  to  give  rise  to  this  structure  is  apparently 
smaU  compared  with  tbi^  which  has  certainly  occurred  in  the  case 
of  many  well-eleaTed  slates ;  but  it  clearly  snows  how  the  particles 
may  soon  tx  eomo  so  arranged  that  the  further  yielding  of  tbe  rock 
would  totally  etVace  all  evidence  of  the  first  stages  of  the  process, 
and  cause  the  constituent  lamiTia*  to  become  approximately  parallel 
to  one  plane,  as  shown,  somewhat  diagramatically,  by  lig.  b,magui- 
iied  about  1^0 0  linear. 
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I  have  thoiiptit  it  very  desiral)le  to  call  attoiition  to  these  facts, 
since  1  thiuk  the  explanation  1  have  given  removes  a  very  eerious 
difiBcultyin  oompleiely  explaining  the  mecbanical  origin  of  slaty 
cleavage  in  rocks  which  have  jiMded  to  pressure  as  imperfectlj 
plastic  substances. 

States  of  the  EngUth  Lak&^listriet. 

It  would  be  difficult  to  find  a  better  illustnttion  of  the  inflneuce 
of  the  mineral  constitution  of  the  original  material  on  the  final 
nature  of  more  or  less  altered  stratified  rocks  than  is  furnished  to 

us  hy  comparing  the  frroon  slates  of  riiinlMTland  and  Westmore- 
land with  those  from  Wales  already  d«  scrilK  d.  It  is,  I  suppose, 
agreed  on  by  all  of  us  that  they  were  U)  a  great  extent  derived 
from  volcanic  ashes ;  but  no  mere  examination  of  the  rocks  in  their 
natural  state  would  lead  any  one  to  imagine  that  the  microscopical 
proof  of  their  true  volcanic  nature  was  so  perfect.  At  the  same 
time  this  method  of  study  proves  equally  well  that  often  such 
gri'af  cliaiij!;cs  liave  subsequently  occurred  flint  very  little  of  the 
ofii^inal  material  can  iu)\v  be  seen,  aud  the  character  of  the  altered 
deposit  closely  approaches  that  of  a  rock  solidified  from  fusion. 

It  would  be  interesting  to  ascertain  the  distribution  in  time  and 
space  of  the  scarcely  altered  and  greatly  changed  rocks ;  but,  un- 
fortunately I  can  indicate  this  only  in  a  very  incomplete  and 
perhaps  incorrect  manner.  The  general  appearance,  even  of  the 
two  extremes,  is  not  so  different  as  to  attract  attention  at  once; 
and  it  was  only  by  careful  microscopical  investigation  that  I 
became  aware  of  the  existence  of  any  cousiderable  alteration. 
Those  of  my  sections  which  show  the  least  change  are  all  from 
Langdale  and  Bydal.  At  Ambleside,  Troutbeck,  and  Smethwaite 
Bric^  there  is  more  alteration ;  whilst  at  Keswick  and  Eosthwaite 
it  is  much  {greater,  and  sometimes  so  very  great  that  all  direct 
evidence  uf  the  oriuunal  natun;  of  the  rock  has  been  obliterated. 

1.  liutJcs  little  altered. — My  best  specimens  of  comparatively 
unaltered  material  are  from  Langdale ;  and  I  would  especially  de- 
scribe one  of  somewhat  coarse  grains,  containing  fragments  varying 
up  to  jV)  ii^^^i  ill  diameter.  This,  to  a  great  extent,  is  composed  of 
what  may  be  called  very  vesicular  lava  or  imperfect  pumice,  the 
basis  of  which  varies  from  perfect  glass  to  a  completely  devil ritied 
felsite,  and  oiten  shows  a  jjcrfect  fUiidal  structure.  This  glassy 
material  is  transparent  and  of  pale  green  colour,  and  still  remains 
so  when  partially  devitrified  by  the  formation  here  and  there  of 
material  which  depolarizes  light,  but  yet  shows  no  definite  crystals. 
The  next  stage  is  tlu>  formation  of  small  dark  grains  of  magnetite 
or  ilmenite,  and  well-de\elo])ed  felspar  microlith'*  :  and  the  final 
stage  of  devitrificatiou  consists  in  the  passage  of  the  remaining 
glass  into  granular  matter,  so  as  to  give  rise  to  a  sort  of  felsite. 
{Scattered  through  the  glassy  or  stony  basis  are  larger  crystals  of 
felspar;  and  the  deposit  contains  many  detached  more  or  less 
broken  crystals  of  the  same,  which  often  endoae  portioiis  of  the 
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preen  glass.  On  the  whole  it  would  he  impossible  to  meet  with  a 
better  illubtratiou  of  oil  ash  due  to  a  more  or  less  glassy  felspathic 
Iata.  Quartz  appears  to  be  abaeiit  from  tins  partienlaar  specimeii, 
except  as  filling  up  a  few  cavities ;  and  unless  it  be  in  tiie  form  of 
minute  needles,  met  with  here  and  there  in  the  glassy  basis,  augife 
does  not  occur.  To  this  circumstance  may  be  attributed  the  very 
small  amount  of  green  material  subsequently  formed  in  the  rock. 
Jn  some  other  s[)e(  iinenH  grains  of  quartz  do  occur  ;  and  it  is  in- 
teresting to  find  that  the  cavities  sometiuiea  contain  no  liquid, 
which  probably  has  been  driven  off  by  heat,  in  the  same  manner  as 
from  grains  of  sand  in  the  stratified  deposits  in  contact  with  the 
erupted  rocks  of  Salisbury  Crags,  described  further  on.  In  other 
localities  the  ash  must  have  contiiiiied  a  much  more  perfect  pumice, 
and  in  others  a  considerable  amount  of  augite,  subsequently  altered 
into  a  green  fibrous  mineral,  which  also  entirely  or  partially  lills 
what  were  originally  cavities  in  the  rock.  Sometimes,  even  in  the 
same  microscopical  section  we  can  trace  a  gradual  passage  from 
ash  composed  of  particles  la^  enough  to  be  easily  rrcouniizcd.  to 
what  appears  to  liave  Ix^en  an  extremely  fine-grained  volcanic  dust, 
associat«Ml  \>  ith  fragments  of  true  pumice.  At  Ambleside  some 
coni])arat  i\ ('] V  ]arg<'  fmgmejits  of  pumice  occur,  with  thi'ir  cavities 
filled  With  calcite,  in  au  otherwise  fiuo-grained  slate,  iu  the  same 
manner  as  they  so  often  occur  in  fine-grained  oceanic  mud.  This, 
of  course,  is  easily  explained,  since  their  unusual  buoyancy  would 
enable  them  to  float  where  denser  fragments  could  not  be  drifted. 

'2.  mnri'  itr        coDiihh  i-fihhi  (dtr  viih — Passing  from  cases 

Mliere  tiie  original  nature  of  the  material  is  suflu  iently  \N  ell  sh«)\\  Ji, 
we  come  by  degrees  to  others  iu  which  it  has  been  mon?  or  less 
changed  since  deposition,  until  we  arrive  at  cases  in  which  it  is 
difficult  or  impossible  to  decide  from  the  structure  alone  whether 
the  rock  was  erupted  and  subsequently  changed  by  water,  or  was 
an  ash  of  similar  material  afterv^ards  changed  by  \^ater  and  heat. 
There  appears  to  be  no  doubt  that  certain  minerals  have  b.  eu 
formed  in  .fito,  such  as  epidote  and  the  various  green  substances 
described  further  on,  and  also  no  doubt  that  the  augite,  much  of 
the  felspar,  and  the  garnets  were  original  constituents  of  the  ash ; 
but  it  is  sometimes  difficult  or  impossible  to  say  whether  the 
felspar  microliths  were  or  were  not  formed  m  sUu.  On  the  whole 
it  is  most  probable  that  those  met  with  in  some  specimens  were 
d(  ])osited  as  asb,  whilst  those  in  others  were  due  to  subsequent 
alteration. 

The  first  stage  in  the  alteration  was  probably  the  filling-up  of 
cavilaes  and  the  spaces  between  the  particles  with  caldte,  quartz, 

and  hydrous  silicates,  so  as  to  consolidate  the  rock.  This  change 
may,  1  think,  be  referred  to  the  decomposition  of  the  augite  and 
other  unstable  materials  of  volcanic  a>h,  and  might  not  reqiu'reany 
materially  elfvated  teitij)'-r;r  iire.  Tlu'  formation  of  ft'lspar  and 
epidote  was  doubtless  greatly  iavoui'ed  by  the  very  imperfectly 
decomposed  condition  of  the  original  material*  but  probably  re- 
quired a  more  elevated  temperature. 
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QUfWage  in  the  Green  Slates. 

In  studying  the  p^ecn  slates,  to  try  and  learn  the  nature  of  the 
original  mulerial,  it  is  very  desirable  to  e.xnniiiie  specimens  which 
have  little  or  no  cleavage.  AV'hen  the  rock  has  been  greatly  com- 
pressed, and  a  perfect  cleavage  developed,  the  structure  of  the 
oonstituent  fragments  has  been  so  much  changed  that  it  is  ahnost 
iini»i)-sible  to  say  what  they  originally  were.  Thus,  for  example, 
the  Ijrecciated  slates  of  Kosthwaite  suffice  to  establish  bevoud  all 
doubt  the  mechanical  origin  of  the  cleavage  ;  but  the  fragments  are 
so  compressed  in  the  plane  of  cleavage  that  it  is  impossible  to  be 
sure  whether  the  greater  part  were  f  el  site  or  au  older  slate.  There 
does,  however,  appear  to  be  sufficient  evidence  to  prove  that  thej 
contain  not  only  fragments  derived  directly  from  volcanic  ash,  but 
also  others  which,  if  originally  of  similar  nature,  must  have  been 
stratified,  consolidated,  altered,  and  broken  up  again,  perhaps 
during  volcanic  outbursfs,  ami  not  necessarily  portions  of  rocks  of 
much  higher  auti<juity  thiui  the  main  mass  o£  the  slates. 

Slates  in  Different  districts, 

Ha\'ing  now,  as  T  think,  proved  that  we  must  not  seek  for  true 
represeiitalives  of  some  of  our  slate  rocks  amongst  moif  modern 
British  deposits,  it  will  be  well  to  consider  the  general  character  of 
some  of  our  older  rocks.  J udging  from  ^^  hat  I  have  been  able  to 
ascertain  from  those  districts  wmch  I  have  more  completely  ex- 
,'imined,  little  reliance  ought  to  be  placed  on  conclusions  drawn 
from  a  very  limited  number  of  specimens ;  for  considerable  varia- 
tion may  dejx'nd  on  local  sorting;  and  what  I  am  now  able  to 
state  respecting  some  other  districts  must  be  looked  up(»n  as 
provisional,  and  possibly  only  partially  true.  1  have  had  consi- 
derable difficulty  in  reconciling  my  own  observations  with  those  of 
some  who  have  treated  on  this  subject.  Possibly  this  may  be  due 
to  actual  difTi  renees  in  the  slates  of  different  districts,  but  may 
also  bo  due  to  a  difference  in  the  methods  of  observation,  leading 
us  to  a  ditYerence  of  (»])iiiion  respecting  the  true  shape  and  nature 
of  the  constituent  particles.  ISome  of  my  conclusions  may  bo 
wrong,  since  occasionally  it  is  extremely  difficult  to  ascertain 
what  is  the  truth.  I  now  give  solely  the  results  derived  from  my 
own  examination  of  specimens  collected  and  pn^pared  by  myself. 

I  may  here  point  out  that  the  general  optical  character  of  a  fine- 
grained slate  consisting  mamly  of  mica,  ditfers  xory  greatly  from 
that  of  a  more  normal  deposit.  When  a  section  cut  at  right 
angles  to  the  cleavage  is  rotated  in  polarized  light,  it  becomes,  over 
nearly  the  whole  surface,  very  bright  and  much  darker  at  different 
admuths,  like  a  doubly  refneting  crystal.  reas  there  is  little 
or  no  such  change  in  the  case  of  true  rbiif  slates  of  the  normal 
granular  type,  containing  much  kaolin  and  very  little  mica. 

The  oidy  specimen  of  slate  from  the  Loch-Awe  district  that  I 
have  examined  is  of  perfectly  normal  type,  but  is  so  much  altered 
that  it  is  really  a  fine-grained  schist. 
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The  slate  of  Birnam  closely  corresponds  with  that  of  Penrhjn, 
aud  is  maiiily  au  abnormal  ilue-graiued  micaceous  deposit. 

Some  of  tlie  fodcB  in  the  dutriet  of  Moffat  aie  of  tbe  usual 
gnomlar  type ;  Imt  others  ue  highly  micaoeouB,  and  in  one  speoi* 

men  I  have  found  a  little  pumice  and  what  appear  to  have  been 
fraginont^  of  j^lassy  fibres  like  the  so-called  "  Pole's  hair."  Tliis 
glassy  luateri.'il  constitutes,  however,  only  3  or  4  per  cent,  of  the 
volume  of  the  rock. 

Passing  to  the  English  Lake-district,  the  slate  of  Portinscale  is  of 
the  nornMl  granular  type ;  but  rod^a  of  very  Bunilar  age  not  fiu* 
from  the  granite  on  Skiddaw  Forest  are,  as  is  well  known,  greatly 
altered.  The  original  material  is  almost  wholly  changed  into 
crystalline  minerals  developed  in  situ,  amongst  which  hornblende 
and  chiastolite  are  the  most  charactfrisrie. 

Near  Windermere  the  slates  above  the  Coaistou  Limestone  are 
also  of  the  normal  granular  type ;  but  possibly  theve  are  oonsidraBble 
local  variations,  smoe  the  pencdl-ehite  of  Shap  is  almost  wholly 
micaceous. 

As  aln'ady  m»^ntioned,  the  slate-rocks  in  North  Wales  similarly 
varv  very  greatly  in  different  beds  and  localities  ;  and,  as  far  as  I 
have  l>een  able  to  ascertain,  the  same  remark  will  apply  to  those  o£ 
Devon  and  Cornwall. 

We  may  thus,  I  think,  consider  it  proved  that  the  original 
mineral  composition  of  our  older  stratified  rocks  varii  d  greatly, 
though  much  remains  to  be  Irarut  d  respecting  the  horizontal  and 
vortical  distribution  of  the  ditYcn-nt  types.  Even  when  they  really 
ditY»T  nnich  in  constitution,  the  general  appearance  of  the  tiner- 
grained  varieties  is  not  strikingly  diii'erent ;  aud  the  presence  or 
absence  of  deavage  still  further  obscures  the  difference.  An  ob- 
■erver  might  thus  easfly  overlook  variations  which  might  be  of  veiy 
great  importance  in  connexion  witii  metamorphism.  It  appears  to 
me  that  the  development  or  absence  of  certain  minerals  in  meta- 
moqihic  rocks  depended  as  much  on  the  original  nature  of  the 
niaterial  as  on  any  mere  difference  of  the  temperaturt^  to  which 
the  rocks  have  been  exposed ;  so  that  lower-lying  rocks  might  very 
well  be  less  .altered  than  those  above  them,  even  though  probably 
at  one  time  exposed  to  a  higher  temperatuie,  inTading  them  from 
bebv. 

'  General  Changes  after  Depoeiiion, 

The  development  of  such  minerals  as  pyrites  in  stratified  rocks 
ia  so  well  understood  that  I  need  not  occupy  time  in  saying  any 
thing  about  it,  and  wiU  confine  my  remarks  to  what  may  be  called 

Btony  minerals. 

If  a  stratified  rock  eorisisted  of  material  which  was  thoroughly 
decomposed  by  weathering  into  stable  products,  it  is  clear  that, 
w  hen  ftu^her  exposed  to  water  aud  carbonic  acid,  no  considerable 
cliange  could  occur  at  the  normal  temperature,  though  it  might  be 
coDsdidated  by  the  introduction  of  soluble  minerals.  On  the  con- 
trary, if  the  constituents  of  the  deposit  were  in  a  state  of  unstable 
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equilibrium,  like  those  in  fresh  volcanic  ashes,  it  is  equally  clear 
tlmt  great  subsequent  chanses  might  be  expected.  Thus,  for  ex- 
ample, in  a  section  of  eonsmidated  peperino  from  VesuTius,  I  find 

that  t  he  fragments  of  augite  have  been  altered  into  a  new  Bubstanoe, 
and  tlio  cavities  in  the  ash  more  or  less  CMnplotoly  filled  with  a 
fibrous  mineral  with  fri']>lt'  double  rofracfion  and  having  the 
negative  axis  of  dej)oh\rizat ion  in  tlu'  line  of  the  fibres.  My  belief 
is  that  tills  is  some  hydrous  silicate — perhaps  aseolite;  but  at  all 
events  its  formation  has  thoroughly  hardened  the  whole  deposit, 
and  given  rise  to  a  greater  change  in  the  htructure  than  is  met 
with  in  manv  rorks  of  riMiiote  geological  epochs. 

An  almost  <•. ijourlcss  crvstalline  mineral  has  also  lu  t  n  d«'\el<H)ed 
in  some  of  thr  mud  from  I'j.in  fathoms  in  llie  Noutb  Pacilic.  It  is 
insoluble  iu  strong  hot  acid.s  until  after  it  has  been  boiled  in 
caustic  potash,  and  is  probably  a  silicate.  It  occurs  in  small 
crystals,  which  have  heen  deposited  in  radiate  groups  on  the  snr£sce 
of  many  of  the  sand-grains.  The  mud  also  contains  many  frag- 
ments of  an  apparently  basic  lava,  more  or  less  completely  altered 
into  a  sort  of  ]>alag()nite  ;  and  probably  the  crystalline  mineral  was 
a  product  of  tliis  change. 

Sonie  8i)eeimen8  of  our  guult,  when  washed,  yield  analogous 
radiating  groups  of  a  transparent  mineral  insoluble  in  acids. 

Another  silicate  very  conunonly  found  in  stratified  rocks  is 
glauconito.  According  to  Ehrenberg  it  occurs  inside  the  cells  of 
i'oraminifera  in  some  recent  deposits  ;  it  is  at  all  events  well  seen 
in  many  of  our  older  rocks.  1  have  studied  it  m(>r(;  particularly 
iu  the  harder  bands  of  the  Barton  Clay,  in  the  liresiune  of  Vent  nor, 
in  the  Kentish  lUg,  in  the  Greensauds,  in  Lias,  and  in  some  other 
rocks.  It  is  often  found  filb'ng  the  cells  of  Foraminifera,  the 
central  hollow  and  minute  tnV'i  -  in  the  joints  of  PfntaerinuB, 
the  open  spaces  of  corals,  holes  bored  into  shells,  open  spaces 
left  amongst  crvstals  of  cal<  iti-  wIk-u  aragonite  shcHs  became 
crysialline,  and  what  were  probably  minutt^  borinirs  ])res(>nt  in 
the  deposit  at  ti»e  time  of  its  formation  ;  in  fact,  it  n»uy  be  said 
to  fill  up  cavities  of  all  kinds.  In  some  few  cases  it  appears  as  if 
it  had  crystallized  out  independent  of  any  cavity ;  but  often  there 
is  no  positive  evideiiee  of  how  it  was  formed. 

As  far  as  1  l)a\e  bt  cn  able  to  nseertain,  glanconite  consists  of 
more  or  less  irregular  and  imj)*'rfect  scales,  having  the  negative 
axis  perpendicular  to  their  surface.  Usually  these  scales  ar»'  ex- 
tremely minute,  and  are  arranged  in  no  definite  order;  but  occa- 
sionally they  are  larger,  sometimes  arranged  in  a  radiate,  and  some- 
times m  a  concentric  manner.  It  is  very  curious  to  see  in  the 
sections  of  some  rocks  how  the  grains  of  glanconite  have  been 
crushed  by  prevsun*.  though  the  fragments  still  remain  scattered 
about  in  cIom'  ])ro\i!nity. 

bince  glanconite  is  known  to  occur  as  a  product  of  the  iilteration 
of  augite  and  hornblende,  and  since  in  the  cavities  of  some  altered 
dolerites  I  have  found  a  green  substance  having  exactly  the  same 
characters  as  the  glanconite  of  the  Greensand,  it  would  be  a  very 
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Hi'mplc  explanation  to  suppose  that  it  had  been  formed  out  of  the 
augitdc  or  bornblendic  coustitueuts  of  tlio  deposit.  I  am  by  no 
means  certain  that  some  of  the  grams  are  not  really  pseudomorphs  ; 
but  at  the  same  time  the  amoont  of  glauconite  in  some  beds  of  the 
Gremsand  is  far  (oo  ^afc  to  allow  us  to  suppose  that  it  was  to 
any  considemble  cxttMit  formed  directly,  in  situ,  from  aucritic  or 
homblendic  sands.  In  some  cases  1  am  inclined  to  think  that  the 
grains  were  formed  elsewhere,  and  drifted  as  sand  iuto  their  pre- 
sent position.  On  washing  different  specimens  of  Greeusaud  1 
<wa8  also  much  stmek  with  the  manner  in  which  the  glauconite 
seemed,  as  it  were,  to  replace  3'ello\\-  ferruginous  mud,  as  if  it  had 
been  to  some  extent  formed  out  of  it.  On  the  whole,  then,  we 
have  evidence  of  considerable  variation  in  the  conditions  :  but  vet 
all  the  facts  agree  in  showing  that  glauconite  was  formed  bv  con- 
cretionary aggregation  at  the  time  of  deposition,  or  very  shortly 
afterward,  from  material  closely  related  to  decomposed  augite, 
hornblende,  or  olivine. 

There  is  far  better  evidence  of  the  direct  formation  from  angite  of 
green  nn'nerals  more  or  less  closely  allied  to  glauconite,  in  the  green 
slates  of  the  Englislj  lake-district.  I  may  here  sivthnf.  acmrding 
to  my  own  observations,  the  augite  and  oli\ine  oi  our  old.M- \ cjeanic 
rocks  occur  altered  into  at  least  three  different  kind;*  of  green 
material.  One  of  these  corresponds  closely,  if  not  absolutely,  with 
glauconite,  and  is  composed  of  laminsB ;  another  is  composed  of 
fibres ;  and  the  third  is  either  amorphous  or  belongs  to  the  regular 
system,  unlike  the  others,  not  depolarizing.  All  these  thr»''^  sub- 
stances also  occur  in  what  must  ]m\c  been  cavities  in  the  rofk,into 
which  no  doubt  they  have  been  introduced  by  the  agency  of  \\  ater. 
The  fragments  of  an^te  in  the  Cumberland  green  slates*  have  been 
change^  and  the  cavities  filled,  in  the  same  manner.  On  the  whole, 
the  fibrous  substance  is  the  most  abundant,  and  is  charactenzed  by 
having  its  positive  axis  of  dcpolari/atirm  not  strictly  parallel  to  the 
line  of  the  fibres,  as  though  the  mineral  might  l)e  some  varictv  of 
asbestos.  It  fills  the  cells  of  fragments  of  pumice,  and  also  larger 
cavities,  formed,  like  those  in  pcperino,  by  the  evolution  of  gas 
amongst  the  unconsolidated  mud,  or  by  contraction  during  con- 
solidation. Since  the  identification  of  the  true  nature  of  frag- 
ments of  pumice  is  a  matter  of  much  interest,  I  give  fig,  7  (p.  80) 
as  an  illustration  of  their  general  character,  which  re])resent8  one 
magnitied  about  100  linear.  Jt  must  have  been  just  like  those  so 
common  in  deep-ocean  mud.  Tho  original  walls  of  the  cells  are 
about  of  an  inch  thick,  and  are  now  ])artially,  if  not  wholly, 
devitxined ;  and  the  empty  cells  are  filled  with  the'^^reen  substance 
aheady  named,  just  as  the  cells  of  Foraminifera  in  more  recent 
rocks  are  filled  with  glauconite. 

Though  th«*re  are  several  quite  distinct  kinds  of  these  green 
minerals,  which  possibly  differ  in  composition,  yet  they  form  a 
very  detiuite  group;  all  occur  under  similar  circumstances,  and 
often  intimately  associated.  On  comparing  diflSerent  specimens  of 
slato  we  can  see  that  those  in  which  their  amount  is  greatest  aie» 
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as  a  role,  thoae  which  origmaUy  oontamed  the  moat  augite  or 
oUvme  in  the  aah,  ae  shown  by  tM  pseudomorphs. 

Fig.  7^ — Fragment  of  pumiee  Fig.  8. — SmaJl  eonereticn  in  the  SiaU 
filled  with  a  grun  ndneral,  0/  Birnam, 


I  have  endeayoured  to  find  out  the  true  relationB  of  all  the  dif- 
ferent greon  or  analogous  colourless  minerals  so  often  developed 
in  slates  sinee  their  deposition ;  hut  though  it  is  quite  easy  to 
distinguish  several,  and  to  recognize  each  well  enough  in  other 
Bpeeimeus,  I  must  say  I  feel  much  hesitation  in  identifying  them 
with  known  minerab.   We  should  not,  however,  be  me  wrong  if 
we  regarded  the  whole  group  as  evidence  of  the  same  genoral 
physical  conditions,  and  the  production  of  each  particular  kind  as 
evidence  of  some  ditlVri  nce  iu  the  chemical  composition  of  the 
material.    This  a{)})ear3  to  mo  well  eslablislu'd  by  what  may  be 
Been  in  some  of  the  liue-graiued  slates.    Thus,  for  example,  iu  the 
slate  of  Bimam,  near  Bnnkeld,  small  elongated  ooncretions  have 
been  formed  along  the  planes  of  cleavage,  as  shown  (magn.  150 
Unear)  by  fig.  8.    These  are  composed  of  altcruations  of  two 
very  di><tinct  laminar  minerals.     One  is  cohmrless,  with  a  de- 
polarizing power  several  fimen  greater  than  tliat  of  quartz,  the 
negative  axis  being  perpendicular  to  the  lauiinie ;  whilst  the  other 
is  deep  green,  very  dichroic,  has  a  "very  weak  depolanzing  power, 
and  gives  with  polarized  light  a  remarkable  copper-colour,  not  cor- 
responding with  any  interference  tint.  In  the  slate  of  Penrhyn  we 
meft  with  similar  but  short(»r  concretions,  composed  of  a  mixture 
of  the  above-named  colourless  mineral  (which  may  be  talc)  with 
one  that  is  gi'cen  and  dichroic,  with  a  depolarizing  power  much 
weaker  than  that  of  quartz,  having  the  positive  axis  perpendicular 
to  the  laminsB,  and  further  differing  from  the  analogous  mineral  in 
the  Bimam  slates  in  giving  perfectly  normal  though  low  inter- 
ference tints.    According  to  Dana,  similar  mixtures  are  met  with 
in  larger  crvstals  of  minerals  belonging  to  the  same  general  group 
as  those  now  uiuler  eoiisideration.    1  jiresiune  that  we  shall  all 
agree  that  ilie  production  of  such  minerals  indicates  the  more  or 
less  prolonged  action  of  water.  I  do  not  see  any  need  to  assume  a 
high  temperature ;  but  I  must  say  that  it  appears  to  me  that  their 
production  is  evidence  of  the  preexistence  of  material  corresponding 
to  more  or  less  decompo'ied  augite,  hornblende,  or  olivine :  and  I 
thirdi  that  the  pn  ^ence  or  absence  of  '^iich  products  depended  more 
upou  the  origiuai  nature  of  the  material  lliau  upon  any  thiug  eis^. 
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Metamorphic  Rocks. 

The  ahovo-nnrnod  facts  naturally  lead  me  to  the  question  of  mo- 
tamorphisni.  If  we  had  to  deal  with  such  extremes  as  shale  and 
schists,  we  could  not  hesitate  as  to  the  use  of  the  term  metamorphic; 
but,  as  80  often  happens,  one  extreme  condition  passes  so  gradually 
into  another  that  it  is  difficult  or  impoMible  to  tew  a  Eoundarj 
line.  I  must  say  that  I  feel  quite  unable  to  offer  such  a  definition 
of  metamorphinn  as  would  agree  vrith  the  microscopical  structure 
of  the  rooks,  and  satisfy  the  requirements  of  field-<j:eolor^sts.  If 
its  original  constituents  have  Ix'cn  entirely  recr\'st  alii  zed  into  new 
minerals,  espet'ially  into  quartz  and  anhydrous  silicates,  it  seems 
quite  reasonable  to  call  a  rock  metamorphic ;  but  such  a  definition 
would  indade  many  rocks  which  are  usually  called  slates,  simply 
because  no  such  complete  xecrystallization  can  be  detected  by  the 
naked  eye.  On  the  contrary,  many  schists,  which  are  always  called 
metamorphic,  do,  as  I  believe,  sometimes  contain  material  vhich 
has  l>'<  ii  little,  if  at  all,  changed  ;  so  that  the  prevalent  definition  of 
metamorphism  seems  to  depend  more  on  general  external  appear- 
ance than  on  internal  straetme.  Howem,  instead  of  occupying 
time  in  discussing  names,  it  will  be  hr  better  to  consider  a*£ew 
pointa  which  appear  to  deser\  e  special  attention.  The  entire  ques- 
tion of  metamorphism  is  far  too  wide  to  be  dealt  with  on  sodh  an 
occasion  as  the  present. 

A I't  'tjicial  Mt  titmot^'Jiism. 

I  much  repx<>t  that  I  am  nnablc  to  refer  to  more  than  one 
illustration  oi  metamorphism  produced  artilicially.  This  is  a  spe- 
cimen <oi  slate  kept  long  at  a  high  temperature  by  our  late,  lamented 
friend  David  Forbes.  Unfortunately  I  do  not  know  the  exact 
nature  of  the  rock  before  it  was  changed;  but  it  is  quite  clear  that 
the  heat  has  actually  fused  some  portions  and  converted  them  into 
what  may  Ix'  called  slag,  without  having  so  far  meltt'd  the  whole 
as  to  obliterate  the  original  stratification.  In  the  fused  portion 
needle-shaped  crystals  have  been  developed,  \\  hich  have  the  general 
cihaiacters  of  the  pyroxene  found  in  some  aftifidal  slags,  as  well  as 
others  which  correspond  with  felspar.  It  is  therefore  quite  unlike 
any  true  natural  metamorphic  schist,  but  still  is  of  interest  as 
showhig  what  characters  are  due  to  crystallization  in  nifn  ;  and  the 
newly-formed  minerals  cbxrly  corresj)ond  with  those  found  in  some 
rocks  metamorphosed  naturally.  The  main  difference  seems  to  be 
tliat  the  natural  rocks  were  not  actually  fused  like  a  slag,  and, 
being  under  great  pressure,  a  certain  amount  of  liquid  water  was 
praent,  whidi  greatly  facilitated  the  transference  of  the  coosti- 
tuents  from  one  part  of  the  rock  to  another,  and  the  development 
of  certain  mineials  like  quarts,  mica,  hornblende,  and  caldte. 

Local  Co)il<tc(  Mtt(imorj>Jtis)n. 

As  an  illustration  of  a  few  special  facts,  I  select  the  sandstone 
and  shale  of  Carboniferous  age  in  contact  with  the  igneous  rock  of 
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Salisbury  Crags.  One  point  of  interest  is,  that  aithongli  the  grains 
of  Band  oontam  many  caivitieB  which  no  doubt,  as  vuml,  originally 
contained  water,  they  have  all  lost  it,  as  though  it  had  be^  ex- 
pelled by  the  heat  of  the  igneous  rock,  in  the  Bame  manner  as  it  is 
easily  expelled  from  unaltered  quartz  by  a  high  artificial  tempera- 
ture. Independent  of  this,  the  quartz  sand  is  very  little,  if  at  all, 
changed,  ^ot  so,  however,  the  calcareous  shale,  wliieh  has,  to  a 
great  extent,  been  altered  into  a  mass  of  small,  nearly  colourless, 
prismatic  cr}>;tals  having  the  form  and  optical  charactors  of  tie* 
motite,  or  of  the  pyroxene  met  with  in  some  slags.  This  often 
occurs  in  small  nests  along  with  calcite  and  quartz,  all  crystal- 
lized in  situ.  Tho  whole  rock,  however,  is  of  such  fine  ^^rain, 
that  to  the  naked  eye  it  appears  to  Ix^  only  hanleTU'd.  Though 
the  general  8trucLiu*e  is  very  different  from  that  oi  hornblende- 
sohists,  this  xock  is  of  oonBidcaalde  interest  in  connexion  with  them, 
and  also  as  affording  good  eridenoe  of  eixposnxe  to  a  aomewhat 
elevated  temperature. 

J>mMilcpmeiU  cf  Itko'BMi, 

I  have  taken  much  pains  in  studying  the  gradual  formation  of 
micarsdiist  from  unaltered  shites.   Apparently  liie  various  steps 

in  the  change  are  not  always  exactly  the  same ;  but,  as  far  as  I 
have  been  able  to  learn  from  the  mat<  rial  at  my  cUsposal,  the  order 
of  change  was  somewhat  as  illustrated  by  the  following  examples : — 

1.  A  slate  close  to  an  igneous  rock  near  Liskeard  is  composed 
of  thin  beds  of  the  usual  granular  kaolin  type,  with  but  httie  mica, 
alteniating  with  others  of  the  mica-slate  type,  containing  but  little 
granular  matter.  Kow,  in  the  midst  of  these  materials,  evidently 
deposited  as  such,  there  have  been  formed  detadbed  scattered  con- 
cretions, about  .  Jt,  of  an  inch  in  diameter,  composed  of  mica  and 
quartz  crystallized  in  sitif,  in  grains  %\hich  are  on  an  average  some- 
\\  here  about  ^,,'7^0  dianiet<T.  These  little  concretions 
are,  in  fact,  the  very  germs  of  mica-schist,  if  1  may  be  allowed  to 
use  such  an  expression.  An  oblitpiely  transverse  vein  contains 
larger  crystals  of  mica  and  quarts,  thus  clearly  proving  the  transfer 
of  such  material  from  one  part  to  another. 

2.  The  black  chiastolite  slate  of  Ivy  iiridge  shows  some  valuablo 
facts.  The  concretions  are  larger  than  those  just  described,  and 
consist  more  exclusively  of  mica.  They  show  only  obscure  t  races 
of  the  stratification  passing  through  them ;  but  it  is  very  distinct 
in  the  surroundins  materia],  whicJi  has  not  crystalliaed  in  iku. 
The  segr^jation  ot  mica  is  well  shown,  not  only  by  a  some- 
what transverse  vein,  but  also  by  the  alteration  of  the  chiastolite. 
The  altered  crystals  have  a  shaqi  outline,  and,  with  ordinarv  light, 
are  colourless  and  transparent  from  the  central  cross  of  impuri- 
ties up  to  the  extreme  edge ;  but  when  examined  by  polarized  light 
they  are  seen  to  be  pseudomoiphs.  The  outside,  for  some  depth 
inwards,  has  been  changed  into  mica,  often  with  its  Iamina>  perpen- 
dicular to  the  surfooe;  and  the  centre  no  longer  has  the  stiong 
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depolarizing  power  of  unaltered  chiastolite,  but  has  been  changed 
into  an  isotropic  substance  not  yet  identified.  We  thus  see  very 
dearly  that  the  rock  most  have  been  exposed  to  such  conditions 
that  mica,  as  such,  or  its  constitaents  could  wander  ahout  from 
one  point  to  another  and  collect  round  special  centres. 

*3.  Slate  near  Granite  af  )Vicca  Pool. — This  furnished  me  with  a 
most  instructive  series  of  specimens.  In  one  the  mica  and  quartz 
have  segregated  in  the  manner  just  described;  only,  in  place  of 
being  detached,  the  concretions  have  ^rown  so  much  that  they 
have  often  ooalMoed  and  thrown  the  residiud  material  into  irrmUur 
darker  patches,  where  it  has  to  a  considerable  extent  crystallized 
into  a  clirty-greenish-brown  isotropic  mineral,  whidl  I  have  not 
been  able  to  identify,  miless,  indeed,  it  be  garnet,  which  is 
doubtful. 

From  such  a  specimen  we  gradually  pass  to  cases  where  this 
mineral  has  been  thrown  off  and  collected,  not  so  much  into  irregular 
patches  as  into  small  thin  lenticular  masses  lying,  roughly  s()eak- 
ing,  in  the  plane  of  stratification,  so  as  to  produce  a  true  foliation. 
Here  and  there  are  also  lenticular  masses  of  quartz,  crystallized  m 
.*?/»!,  in  grains  varving  up  to  of  an  inch  in  diameter.  In  a 
third  specimen  this  kind  of  foliation  is  still  more  perfectly  dove- 
loped,  and  the  isotropic  mineral  is,  to  a  considerable  extent,  repre- 
sented, if  not  actually  replaced,  by  mica  of  darker  colour  than  that 
in  tbe  rest  of  the  roek ;  and,  in  net,  here  and  there  it  almost  dis- 
appears. In  a  fourth  specimen  the  isotropic  mineral  appears  to 
be  absent,  and  the  rock  is  composed  of  quartz  and  of  very  dark 
and  colourless  mica,  all  crystallized  in  situ.  In  some  parts  of  the 
thin  section  the  material  was  apparently  uniformly  stratified  in 
well-marked  thin  beds,  and  there  are  no  transverse  cleavage-joints. 
Here  the  crystals  of  mica  lie,  to  a  great  extent,  more  or  less  par- 
allel to  the  plane  of  stratification.  That  they  were  not  deposited 
in  that  position  as  mad,  however,  is  well  shown  by  the  stractore 
of  other  parts  of  the  section,  whi^ve  the  rock  had  given  way  to 
lateral  pressure  by  the  formation  of  close,  irregular,  roughly  par- 
allel joints,  in  the  manner  described  when  treating  on  cleavage. 
Here  the  crystals  of  dark  mica  lie  along  the  joints,  in  the  same 
manner  as  niejr  oocar  in  the  detached  transverse  cracks  in  sped* 
mens  of  altered  slate  from  Liskeaid  and  Iv^  bridge ;  so  that  we 
have  a  good  illustration  of  one  particiilar  type  of  ck  aA  age-foliation, 
more  highly  developed  in  some  of  the  ooaiser-grained  mica-echista 
described  further  on. 

Another  type  of  imperfect  cleavage-foliation  is  when  the  crystal- 
lization is  modiiied  by  the  presence  of  a  true,  well-developed, 
etmetoral  dwnfjo.  The  slate  of  Bimam,  already  deseiibed,  is  an 
fflostration  of  tins ;  for  in  it  we  see  that  lenticular  portions  of  the 
green  laminar  mineral  have  been  formed  in  the  plane  of  cleavage ; 
and  in  the  thin  beds  which  contain  much  of  this  mineral  we  have 
a  perfect,  true  c]eavn^e-fo]iati{m,  in  wliieh  tlie  laniirue  lie  in  the 
plane  of  cleavage.  A  similar  but  liner-grained  structure  occurs  in 
a  few  ot  the  green  slates  of  Webtmorelaud. 
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Fine-grained  Schists. 

It  will  thus  be  seen  that  in  the  rocks  just  described  we  haire  a 
gradual  and  perfect  passatje  from  an  almost  normal  slate  to  what 
is  practically  a  true  micu-scbist,  with  Btratitication-foliatiou  or 
cleavage-foliation.  The  only  essential  difference  between  tlie  more 
alt^^red  specimeus  and  the  most  typical  mica-schists  is  that  the 
crystals  are  leas,  being,  on  an  avenge,  only  ^  as  large.  There 
are,  however,  many  beds  amongst  the  Highlnn  l  -chists  which  are 
of  very  little  coarser  gruin  than  these  altered  «late8.  As  far  as  I 
can  see,  we  have  a  real  and  perfect  paj<sa«jc  from  slate  to  schist ; 
and  the  more  altered  varieties  fri)in  AVicca  Pool  do  not  differ  from 
the  moat  typical  schists  iu  any  more  essential  particulars  than 
pebbles  differ  from  boulders. 

Bocks  which  are  thus  practically  fine-grained  schists  differ  so 
little  from  tme  unaltered  slate  in  general  appearance,  that  probably 
they  have  often  been  mistaken  for  slates.  At  all  events,  I  know 
that  I  must  have  many  times  made  this  mistake  myself,  which  has 
prevented  me  from  Ihmul^  able  to  say  any  thing  very  definite  re- 
specting the  horizontal  distribution  of  the  altered  and  unaltered 
rocks.  I  regret  that  I  oannot  decide  whether  it  is  in  all  cases 
merely  a  local  change,  or  sometimes  very  general  over  a  oonsider- 
aUe  district. 

FoUaUon  in  iUghthf  aUered  SUUet. 

On  the  whole,  then,  these  connecting-links  between  slates  and 
sdiists  clearly  show  that  foliation  is  essentially  different  from  either 
Btratificatioii  or  cleavage.  In  my  opinion  they  prove  that  it  is  the 

rosult  of  the  rarying  segregation  of  different  minerals,  controlled 
by  various  previously  existing  structures.  It  will  be  well  to  con- 
eider  some  (in('stif)Tis  more  fully  when  diseussinpj  the  structure  of 
true  schists  ;  but  1  think  it  would  Ih'  impossible  to  give  a  better 
illustration  of  my  meaning  than  the  case  of  some  concretionary 
limestones.  In  these  the  facts  seem  to  show  very  dcMirly  tiiat  tiio 
material  was  originally  deposited  in  a  pretty  uniform  condition ; 
bnt  the  carbonate  of  .lime  has  collected  in  more  or  less  lenticular 
masses,  or  tilled  transverse  fissures  to  form  veins,  and  left  a  great 
part  of  the  non-calcareous  deposit  as  a  laminated  shale  wrapping 
irregularly  round  the  concretions.  On  the  whole  such  a  rock  niav 
be  truly  stratilied;  but  the  details  are  not  true  strut ilication.  ISo, 
in  tiie  case  of  these  altered  slates,  the  existing  structure  is  due  to 
irregular  segre^lion,  controlk'd  by  the  previously  existing  struo- 
tui  i  >.  \s  hether  it  was  stratification,  close  joints,  or  tru(^  cleavage.  We 
might  very  well  draw  the  same  conclusion  from  the  studv  of  true 
schists  ;  but  tlien  it  would  be,  to  a  considerable  extent,  more  a 
matter  of  inference  than  of  proof,  whereiis  in  the  rocks  now  under 
consideration  both  true  stratification,  close  joints,  true  cleavage, 
and  true  foliation  aro  present  to  such  an  extent  that  their  mutual 
lebtions  are  easily  seen. 
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Stnuhure  of  Sehitts,  * 

It  thoB  appean  that  we  may  trace,  atep  by  step,  tlie  diange  from 

•txatified  deposits  of  a  more  or  less  normal  type  to  rocks  in  which 
nearly  the  whole  of  the  material  has  re<Ty^taI!i/.ed  in  s^itu^  to  form 
truly  met  amorphic  schists  ;  but,  at  the  sauie  time,  it  d(jeK  not  neces- 
sarily follow  that  all  schists  which  have  crystallized  in  situ  were 
origiually  composed  of  sand  and  clay.  I  therefore  now  propose  to 
examine  what  evidence  still  remains  of  their  truly  detrital  origin, 
and  of  their  probable  oonstitation  before  crystallizaticm  took  place. 
I  scarcely  need  say  that  no  class  of  microscopieal  rock-preparations 
are  more  difficult  to  make  than  sections  of  some  mica-schists,  cut 
at  right  angles  to  the  foliation.  By  slow  and  careful  grinding,  and 
by  repeatedly  covering  the  surface  with  Canada  balsam  and  heating 
until  it  became  hard,  so  that  it  might  penetrate  between  the  plates 
of  mka  and  Und  all  together,  I  have,  however,  snooeeded  in  pre- 
paring fanltiess  sections  of  the  most  intractable  spedmmis,  which 
can  be  examined  with  as  high  magnifying  powers  as  aie  necessary 
for  their  eificient  study. 

Presence  of  the  Original  Sand  and  Mud  in  Schiitt. 

In  my  paper  on  mica-schist,  published  many  years  ago  in  our 
Journal  (vol.  xix.  p.  401),  I  described  what  I  looked  upon  as  the 
original  grains  of  sand  still  visible  in  the  altered  rock.  I  have 
Ixitcly  reexamined  my  microscopical  sections  with  improved  appa- 
ratus, and  am  now  more  convinced  than  ever  that  I  was  correct. 
The  best  w  ay  of  studying  this  question  is  to  use  a  f  inch  object- 
glass  with  an  attached,  parabolic,  side  reflector,  in  sucli  a  manner 
that  the  object  may  be  seen  at  will,  either  by  surface-illumination 
or  by  transmitted  ])olarized  light.  When  quartz  from  various 
80urc<_*s  is  thus  examined,  some  appears  quite  transparent  and 
colourless  by  transmitted  light,  and  almost  black  by  surface-illu- 
mination, whilst  some  is  more  or  less  opaque  by  transmitted  light, 
and  milk-white  by  surfaoe-illomination.  A  good  deal  is  interme- 
diate between  these  extremes,  or  shows  a  mottled  mixture  of  both. 
The  whiteness  is  either  of  a  granular  character  (when  due  to  fluid- 
cavities  or  large  granules),  or  uniform  and  homogeneous  (when  the 
foreign  particles  are  too  small  to  be  separately  visible).  Some  spe- 
cimens are  further  characterized  by  the  presence  of  many  included 
hair-like  ciystals. 

The  quartz  of  many  specimens  of  schist  appears  almost  wholly 
dark  by  surface-illumination ;  but  here  and  there,  in  certain  speci- 
mens from  Dunkeld  and  Arroquhar,  are  milk-white  grains,  perfectly 
uulikt'  the  surrounding  quartz,  liaving  a  wcll-detined,  rounded, 
wattTworn,  or  moni  angular  outhnc,  just  like  the  genuine  and 
undoubted  grains  of  sand  in  more  recent,  unaltered,  stratilied  rocks. 
They  further  differ  from  the  quarts  of  the  schist  itself  in  havio|^  a 
simple  optical  structore,  each  being  a  part  of  a  single  crystal,  like 
most  grains  of  sand ;  whereas  the  small  aggreganons  of  quarts 
crystalliied  m  sUu  haye  a  complex  structure,  and  are  made  up  of 


86  PR0CEFJ)TXG8  OF  THE  GEOLOGICAL  BOCIETT. 

many  small  interfeinng  crystals.  Occasionally  some  of  the  sur- 
rounding dear  quartz  is  in  crystalline  continuity  with  these  grains  ; 
but  usually  it  has  crystallized  independently,  probably  because  the 
grains  were  originally  completely  surrounded  by  deposit,  and  not 
by  the  empty  spaces  which  existed  in  the  case  of  the  consolidated 
sandstones  with  deposited  quartz,  already  described.  As  an  illus- 
tration of  one  of  these  grains,  I  give  fig.  9,  magnified  30  linear. 
In  other  cases  the  quartz  of  the  grain  is  clearer,  and  the  contrast 
less,  and  in  others  so  sHght  that  it  is  impossible  to  be  quite  sufe 
whether  they  were  originally  grains  of  sand,  or  only  detached  parts 
of  the  quartz  which  has  crystallized  in  situ.  It  is,  however,  almost 
certain  that  many  such  grains  must  be  present,  since  quartz  in 
general  is  much  more  transparent  than  those  grains  which  are 
well  marked  in  the  manner  described.  The  great  difficulty  of  re- 
cognizing clear  grains  must  be  borne  in  mind,  since  the  apparent 
absence  of  sand  from  some  specimens  of  schii^t  may  be  due  to  this 
cause. 

Fig.  9. — Orain  of  Quartz-sand  in  the  Mica-scJiist  of  Arroqithar. 


Along  with  the  grains  of  quartz  just  described  occur  some  of 
w'hat  appear  to  have  been  felspar,  much  decomposed  before  the 
deposit  was  altered  i)ito  schist;  and  there  are  also  some  grains 
very  much  as  if  they  had  been  derived  from  a  felsite.  In  some 
respects  these  various  felspathic  grains  are  more  distinct  than  those 
of  quartz,  because  they  are  granular  and  quite  unlike  the  sur- 
rounding rock.  Possibly  this  is  why  they  are  sometimes  seen  in 
specimens  of  schist  in  which  no  grains  of  quartz  can  be  recognized ; 
but  still  the  evidence  is  not  so  reliable  as  in  the  case  of  milk-white 
quartz,  since  one  cannot  but  feel  that  it  is  always  possible,  even 
when  it  is  not  probable,  that  they  are  portions  of  altered  felspar 
which  crystallized  in  situ  when  the  rock  was  metamorphosed.  In 
any  case,  taking  all  the  facts  into  consideration,  the  proof  of  the 
original  presence  of  true  grains  of  sand  in  some  thoroughly  crystal- 
line and  typical  mica-schists  is  as  perfect  as  in  the  cajso  of  slates. 
Leaving  doubtful  cases  out  of  consideration,  about  of  all  my 
sections  of  schist  afford  good  evidence  of  the  presence  of  such 
grains  ;  and  I  find  that  also  j;  of  my  sections  of  slates  show  similar 
grains ;  so  that  their  absence  from  4  of  my  specimens  of  schists  is 
no  valid  objection  to  their  having  been  origimilly  of  as  true  detrital 
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origin  as  slates,  since  these  specimens  are  probably  due  to  the 
attmtioa  of  dates  which  oontaaned  no  sand. 

The  evidence  of  the  original  fin»>graiued  material  is  oocasionaUy 

tolerably  satisfactory,  but  often  equivocal.  We  must  always  be  on 
our  ETuard  not  to  mistake  a  portion  of  decomposed  or  altered  fel- 
spar for  the  original  line-graiiu'd  base  of  a  slate,  and  can  place  no 
reliance  on  observations  made  with  specimens  of  gneiss.  I  would 
base  aiguments  wholly  on  what  may  be  seen  in  true  mia^ 
sehisty  in  vmeh  there  is  no  good  evidence  of  the  fonner  presence 
of  erystalline  felspar,  either  in  broken  fragments  or  as  crysttUs 
formed  in  situ.  All  the  sections  examined  were  prepared  by  my- 
self, and  no  polishing  material  used;  so  that  I  am  quite  sure  that 
none  of  the  appearaiuvs  is  due  to  any  thing  of  that  kind  sticking 
to  the  objects.  The  best  examples  1  have  seen  are  from  JSkateraw 
and  Mucfaals,  on  the  sea-coast  oetween  Aberdeen  and  Stonehaven. 
In  them  I  have  not  been  able  to  find  any  independent  proof  of  tiie 
fonner  presence  of  felspar,  or  of  any  other  mineral  likely  to  yield 
fine-grained  pseudomorphs.  Tho  patches  which  I  take  to  be  por- 
tions of  the  slightly-altered  original  rock  show  no  trace  of  crystal- 
line form,  and  have  no  well-d(>fined  outline,  but,  on  the  contrary, 
pass  gradually  into  the  surrounding  schist.  They  have  also  a  de- 
cided general  structure  parallel  to  the  well-marked  stratification  of 
the  rock,  whidi  would  not  be  at  all  probable  if  they  were  not  really 
portions  of  material  mechanically  deposited.  They  are  as  fine- 
grained as  any  slate,  and  correspond  closely  with  certain  light- 
coloured  slightly  altered  rocks  met  with  in  the  nioiintaius  of  North 
Wales,  not  far  south  of  Aber.  On  the  whole,  taking  every  thing 
into  consideration,  the  facts  seem  to  indicate  strongly  that  the 
patches  are  not  pseudomorphs,  bat  those  portions  of  an  original 
nne-grained  rock  whicli  have  not  recrystallused  into  large  crystals 
of  mica  and  quartz.  This  supposition,  of  course,  agrees  so  well 
with  the  evidence  derived  from  the  quartz-Rand,  that  perhaps  we 
mav  adopt  it  provisiniially.  even  though  we  miglit  feel  bound  to 
admit  that,  without  independent  evidence,  the  facts  are  insutticient 
to  justify  such  an  important  condusion.  A  large  proportion  of  my 
sections  of  mica-schist  famish  more  or  less  distinct  evidence  of  the 
like  kind,  which,  howcA  er,  in  most  cases,  may  be  said  rather  to 
agree  with  the  supposition  that  they  were  originally  fine-grained 
strata  than  to  really  prove  it.  As  a  general  rule,  all  that  can  be 
conlidently  asserted  is,  that  the  great  bulk  of  the  rock  is  composed 
of  minerals  which  have  so  crystallized  in  situ  that  the  original  struc- 
ture has  been  almost  or  altogether  obliterated. 

Orif/inal  Source  of  the  Material  of  some  Schigts. 

As  shown  above,  there  is  sutliciently  good  proof  that  the  schists 
of  tlie  central  Highlands  of  Scotland  were  originally  slates;  and  it 
would  obviously  be  interesting  to  know  the  nature  of  the  rocks 
from  which  their  material  was  derived.  There  are,  however,  some 
terioos  difficolties  to  contend  with  in  deciding  this  question.  The 
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number  of  well-marked  qiuuriaose  grains  is  not  great ;  and  the  fel- 
Bpatbic  grains  are  certainly  somewhat  altered ;  and  it  is  difhcult,  if 
not  impossihle,  to  say  how  much  they  are  chaiipjed,  and  to  be  sure 
that  some  of  th<»  <,'rains  wliii'h  look  like  felr^ite  are  not  partially 
decomposed  feUpar  altered  into  a  felsite-lookiug  substance.  More- 
'  over,  since  it  is  only  those  quurtz  grains  which  have  »  somewhat 
nnusnal  strocture  that  can  now  be  recognized  with  perfect  oonfi- 
d>  ii<^,  tliey  necessarily  make  it  appear  as  if  the  original  rock  were 
of  more  unusual  character  than  it  really  w-as.  I  haTedooomy 
best  to  form  a  satisfactory  conclusion;  and  allowance  must  be 
made  for  the  unavoidable  difliculties. 

The  most  striking  peculiarity  of  the  grains  of  quartz  is  that  they 
often  contain  many  minute  ludr-Uke  crystals,  which  possibly  aie 
rotile,  and  also  many  minute  grannies  and  fluid-cavities,  sometimes 
with  indaded  crystals  of  alkaline  chlorides.  In  my  collection  I 
have  no  section  of  a  {sranite  or  f  el  site  whirh  shows  th(»se  clia- 
racters  combined.  There  arc  many  of  the  hair-like  crystals  in  tho 
quartz  of  the  [granite  of  Aberdeen  ;  but  it  is  on  the  whole  far  more 
transparent,  and  shows  the  milk-white  appearance  in  far  less 
degree,  than  tiie  quarts^and  of  the  schists,  and  also  contsins  com- 
paratively few  fluid-cavities  or  granules.  As  far  as  the  fluid-cavi- 
ties are  concerned,  the  quartz  of  the  grains  is  far  more  like  that  of 
the  Cornish  granites ;  but  this  latter  contains  few  if  any  of  the 
hair-like  crystals,  and  manv  of  the  much  stouter  crystals  of  schorl. 
1  have  also  been  able  to  detect  in  the  grains  in  the  schists  a  few 
well-marked  enclosures  of  what  looks  Uke  a  fine-grained  felsitic 
base,  as  though  they  had  been  derived  from  a  quarts  felsite ;  but 
yet  they  are  not  sufliciently  numerous  to  indiciita  exclusively  an 
extreme  typo  of  felsite.  On  the  whole,  taking  into  consideraticm 
the  character  of  both  the  felspathic  and  quartzose  grains,  the  most 
satisfactory  conclusion  appears  to  be  that  the  material  was,  to  a 
considerable  extent  derived  from  a  granite  of  a  typo  very  unlike 
those  of  CornwaU,  but  in  some  respects  analogous  to  that  of  Aber- 
deen, though  differing  from  it  in  being  more  like  a  quarti  felsite. 
Perhaps,  then,  speaking  generally,  we  may  say  that  it  was  mainly 
derived  from  a  felsite  of  medium  character,  or  partly  from  a  more 
perfect  granite,  and  partly  from  a  felsite  of  more  extreme  type. 
This  conclusion,  of  course.  aj)plieM  only  to  the  particular  district 
now  under  consideration,  iiie  source  of  the  material,  in  the  case 
of  other  districts,  could,  I  think,  be  ascertained  in  a  similar  manner, 
at  all  events  within  certain  limits. 

StraHJieaiion-foUatian, 

In  those  schists  which  have  stratihcation-folialion,  the  large 
flat  crystals  of  mica  lie  in  the  plane  of  the  beds  of  different  mineral 
nature ;  but  still  the  structure  differs  essentially  from  true  strati- 
fication. Sometimes  the  parallelisn)  is  of  only  a  very  general  chi^ 
racter,  and  horizontal  segregation  has  taken  place  to  a  large  ex- 
tent, in  the  manner  explained  when  describing  the  spedmens  o£ 
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slftt^  from  Wicca  Pool  altered  into  fine-grained  schist.  However, 
as  in  some  of  the  specimens  from  Wicca  Pool,  there  has  sometimes 
been  little  or  no  horizontal  segregation,  and  the  bands  of  different 
min«nl  compontioii  are  eonlinuous,  like  small  deposited  beds ;  but 
frequently  some  of  theee  are  so  exclusively  quartsoee,  and  otiien 
so  exclnsiTely  micaceous,  that  I  think  the  original  differences  doe 
to  stratification  must  have  been  greatly  increased  by  vertical  segre- 
gation. Even  when  this  kind  of  evidence  is  wanting,  the  mutual 
arrangement  of  the  constituent  crj'stals  clearly  shows  that  their 
IjveMnt  oatBne  ia  doe  to  growth  in  situ.  A  portion  of  a  spe- 
cimeii  horn  Looh  Ooyle,  magnified  60  linear,  shown      fig.  10, 

fig.  10.— Miap^ckiH  of  Loch  QoyUy  wUh  otroHJwOwn-fiU^^ 


will  servo  to  illustrate  some  of  the  more  importfiTit  facts.  At  the 
bottom  we  have  a  layer  containing  much  mica,  and  in  the  centre 
one  composed  more  exclusively  of  quartz.  In  this  layer  lie  large 
and  smaller  plates  of  mica,  enclosed  in  a  number  of  interfering 
crjstab  of  qnarta,  whidi  haTe  obrionsly  crystallind  m  tiiit  round 
them  and  about  them.  Similarly,  when  we  examine  the  micaceous 
layer,  we  may  see  that  the  crystals  of  mica  also  mutually  hatwkm 
and  enclose  quartz,  ao  that  the  proof  of  crystallication  tii  itte  ia 
equally  good. 

CUavago-faUation, 

It  is,  however,  in  the  case  of  deavage-foliation  that  the  proof  of 
reciystalhzation  is  the  most  complete  :  niid  since  the  great  impor- 
tance of  this  structure  appears  to  bo  often  OTeriooked,  it  wiU  be 
well  to  consider  it  somewhat  in  detail. 

By  far  the  best  district  that  1  have  seen  for  studying  this  kind 
of  foliation  is  that  lyine  along  the  sea-coast  between  Aberdeen 
and  Stonehaven,  especially  at  Portlethon,  Muchals,  and  Skateraw, 
At  Mochals  I  obtained  specimens  which  are  remarkably  instructive, 
because  they  show  in  the  same  thin  section  both  stratification- 
foliation  and  cleavafje-foliation.  First  of  all,  we  may  see  bands  of 
diiitrent  mineral  cliuractiT  showing  stratification  as  clearly  as  any 
slate,  but  necessarily  modified  by  a  variable  amount  of  horizontal 
and  vertical  segregation.  Boughly  parallel  to  these  thin  beds  lie 
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many  laminar  crystals  of  pale  green  mica,  crumpled  up  and  con- 
torted by  lateral  pressure,  like  the  thin  beds  in  the  slate  of  Lis- 
keard,  shown  in  fig.  4.  As  in  that  slate,  many  planes  of  discon- 
tinuity have  been  formed  by  fracture ;  and  along  these  larger  and 
more  colourless  crystals  of  mica  have  grown,  with  their  faces  and 
cleavage  parallel  to  the  walls,  just  as  in  some  of  the  slightly  altered 
slates  previously  described.  Passing  to  another  specimen,  the 
mica,  thus  formed  along  the  planes  of  cleavage-discontinuity,  in- 
creases in  amount  until,  in  some  parts,  it  altogether  preponderates 
over  the  contorted  lamin®  which  are  roughly  parallel  to  the  bedding, 
and  we  see  a  foliation  due  to  large  plates  of  mica  lying  in  a  plane 
corresponding  to  true  slaty  cleavage,  inclined  at  a  high  angle  to  the 
stratification.  In  other  specimens  the  large  irregular  crystals  of 
both  light-  and  dark-coloured  mica  lie  almost  wholly  in  the  plane 
of  cleavage,  but  yet  here  and  there  are  a  few  which  have  obeyed 
the  influence  of  the  stratification.  In  a  splendid  specimen  from 
Portlethon  the  cleavage-foliation  is  very  perfe<'tly  developed,  and 
is  not  only  parallel  to  the  axis  planes  of  the  larger  contortions,  but 
has  all  the  other  characteristic  relations  of  true  slaty  cleavage.  As 
an  illustration  of  this  kind  of  foliation  I  subjoin  fig.  11,  which  re- 
presents (magnified  30  linear)  a  part  of  a  thin  band  of  mica-schist, 
where  the  foliation  and  bedding  are  at  right  angles  to  one  another. 
As  in  the  stratification-foliation,  shown  by  fig.  10,  the  study  of  the 
detail  shows  very  clearly  that  dark-  and  light-coloured  mica  and 
quartz  have  all  crystallized  in  situ ;  but  it  is  unnecessary  to  base 
the  argument  on  the  minute  detailed  arrangement  of  the  crystals, 
since  no  one  would  suppose  that  plates  of  mica  could  be  mechani- 
cally deposited  sticking  upright,  and  still  remain  almost  parallel 
after  the  rock  had  been  contorted. 

Fig.  11. — Mica-schist  of  Porththon^  ivifh  chavage-foliation. 


1  hough  I  have  never  seen  this  kind  of  foliation  better  developed 
than  in  the  localities  named  above,  I  have  also  met  with  it  in  some 
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of  the  schists  near  Inverary  and  in  Anglesey.  The  intermediate 
kind,  in  which  the  stratidcutiou-toliatiou  has  been  bent  into  small 
eontoitkiDi,  and  only  a  little  mica  has  crystallized  along  the  planes 
of  disoontiiimty,  is  met  with  more  frequently.  The  difierraoes  in 

the  character  of  the  foliation  in  the  different  specimens  now  de- 
scribed appear  to  have  depended  on  whether  or  not  the  rock  became 
complet^ily  solid  and  crystalline  before  it  was  compressed,  or  was 
compressed  before  it  Ix'came  solid  and  crvstalline.  The  intermediate 
varieties  were  probably  formed  when  there  was  a  partial  metamor- 
phiam  hefiore  compiession^  and  farther  crystallizatKm  afterwards. 

8thut8  not  medumteally  deponted  08  8uch, 

I  have  most  carefully  examined  my  various  sections  of  schists, 
in  order  to  aact^rtaiii  whether  their  structure  would  in  any  way 
countenance  the  supposition  that  the  constituent  minerals  were 
originally  formed  as  a  loose  crystalline  deposit  from  the  Sea,  and 
not  formed  in  sUu  by  the  alteration  of  a  more  normal  deposit.  If 
Boch  had  been  the  case,  we  might  very  well  expect  to  find  the 
cavities  between  the  quartz-grains  filled  up  with  quartz,  since  the 
associated  veins  rlt\arlv  show  that  it  has  hnm  larcrtdv  introduced 
into  the  rock  since  deposition.  There  is,  however,  often  little  or 
no  evidence  of  any  such  extensive  introduction  of  mica ;  so  that  I 
doobt  if  we  ought  to  look  upon  it  as  at  all  probable  that  mica 
could  have  been  so  depositea  chemically  as  to  fill  in  the  spaces 
between  them  and  complete  crystals  mechanically  deposited,  and 
not  leave  some  well-marked  evidence  of  such  a  double  origin. 
However,  on  most  carefully  studying  the  character  and  arrange- 
ment of  the  mica  in  schists,  I  saw  that  the  crystals,  which  are 
often  of  considerable  size,  are  fitted  and  dovetailed  together  in  the 
most  complicated  but  yet  most  accurate  manner,  just  as  if  they 
had  crystallized  in  situ.  The  individual  crystals  are  well  defined, 
because  they  are  highly  dichroic ;  and  by  using  a  polarizer  alone 
they  show  very  marked  differences  in  tint,  due  to  their  different 
orientation,  and  nothing  to  indicate  a  second  growth.  1  can 
scarcely  believe  that  any  one  would  contend  that  the  mica  of  those 
sehiflts  which  possess  deavage-f  oliation  had  been  deposited  meehani- 
cally.  If  such  a  view  could  be  maintained,  it  would  be  in  the  case 
of  stratification-fob'ation ;  but  even  then  the  manner  in  which  the 
crystals  interfere  with  one  another  is  just  as  it  is  in  schists  with 
cleavage-foliation,  or  even  in  granite  itself.  The  crystals  of  horn- 
blende and  other  minerals  also  interfere  in  the  same  manner. 

Taking,  then,  all  the  facts  into  consideration,  there  appears  to  be 
Tery  complete  proof  that  the  principal  constituent  minerals  of  the 
schists,  from  the  districts  examined,  were  not  deposited  mechani- 
cally, but  were  formed  or  recrystallizecl  in  tiikt.  In  some  cases 
there  is  satisfactory-  evidence  to  show  that  previous  to  the  crystal- 
lization the  rock  was  analogous  to  normal  slates  ;  and  even  when 
there  is  no  such  positive  evidence,  there  is  nothing  against  this 
supposition,  but  much  in  its  favour.   As  far  as  my  observations 


Digitized  by  Google 


92 


nooRSiDres  or  xsb  esoKoeiOAL  soomr. 


go,  they  thus  most  completely  bear  out  the  prevalent  theory  of  the 
true  metamorphic  origin  of  schists  ;  but,  at  the  same  time,  the  spe- 
cimens which  I  have  examined  have  been  too  exdusiTelj  derived 
from  partiailar  districts  to  wsrrant  mj  eztendiog  ttds  conchinoii 
to  all  rocks  of  similar  general  character  in  other  localities,  or  of 
earlier  epoch  than  those  of  the  central  Highlands  of  Scotland. 
A  much  more  extended  incjuiry  would  be  necessary.  But  T  am  fully 
convinced  that  the  true  nature  of  all  such  rocks  could  be  learned 
by  the  further  application  of  the  methods  now  described. 


CoMluiion, 

It  will  thus  be  seen  that  my  aim  has  been  to  trace  the  origin 
of  the  material  of  stratified  rocks,  and  afterwards  to  study  the 

various  mechanical  and  chemical  chan«jes  to  Avhtch  it  has  been  sub- 
jected, and  thus  to  shctw  the  coniu  xiun  between  modern  mud  and 
our  oldest  schistose  rocks.  In  some  cases  there  has  been  a  com- 
plete cycle,  the  material  having  been  derived  from  crystallioe  rocks, 
then  deposited  mechanically,  and  finally  leconTOited  into  crys- 
talline rocks.  In  thus  dealing  with  such  a  wide  subject,  as  a  whole, 
I  have  been  led  to  treat  some  questions  in  a  manner  wliich  may 
appear  rather  unusual,  but,  as  I  believe,  not  on  that  account  less 
correctlv.  1  cannot  but  iVi'l  how  much  of  tlio  detail  ^.till  remains 
unknown ;  and  probably  w  hen  knowu  it  will  be  fouud  uecessarv 
ta  modify  some  of  my  general  conclusions.  We  often  meet  witli 
two  or  more  structures,  each  clearly  enough  due  to  different  causes, 
and  many  of  such  an  intermediate  character  that  it  is  firtremely 
difficult  to  form  a  just  estimate  of  the  relative  influence  of  the 
various  causes  which  haAe  probably  (•(•nspircd  to  produce  the 
result.  This  and  other  unavoidable  diiiicullics  necessarily  make 
such  a  first  attempt  somew hat  imperfect;  yet  I  trust  that  what 
I  have  said  may,  at  all  events,  serve  in  some  measure  to  point 
out  what  may  be  done,  and  to  lead  others  to  investi^te  the  subject 
more  completely.  Considering  the  very  wide  rai^  of  subjects 
which  1  have  Ihmmi  compelled  to  examine  from  a  more  or  less 
novel  point  of  Mew,  it  is  satisfactory  to  find  that  in  most  cases 
the  new  facts  tend  only  to  remove  doubts,  and  seldom,  if  ever, 
do  more  than  slightly  modify  the  conclusions  arrived  at  by  geolo- 
gists from  the  consideration  of  totally  different  and  independent 
evidence. 
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Fsbmaiy  25, 1880. 

lioB£Bi  £iH£BiDGE,  Esq.,  f  JUS.,  President,  in  the  Chair. 

Joseph  H.  Cowham,  Esq.,  Westminster  T^nining  College,  S.W. ; 
William  Alexander  Forhes,  Esq.,  BJL,  14  Ashley  Haoe,  S.W. ;  If. 

H.  Gray,  Esq.,  Kuching,  Sarawak,  Borneo;  and  Charles  Thomas 
Whitmell,  Es(i.,  ISl.A.,  B.Sc.  (Lond.),  F.C.S.,  61  HaTeiock  Street, 
Sheffield,  were  elected  fellows  of  the  Society. 

The  list  ot  Donaiicnis  to  the  Library  was  read. 

The  President  announced  that  a  communication  had  been  received 
from  the  American  Academy  of  Arts  and  Sciences,  stating  that  the 
Academy  proprosed  to  celebrate  its  lootli  Anniversary  on  May  20, 
1880,  on  which  occasion  the  Academy  hoped  that  one  or  more 
Delegates  from  the  Geological  Society  of  London  might  he  present. 

The  following  communications  were  read : — 

1.  On  theGeology  of  Anglesey."  ByPjrof.T.H<KeniiyHiiglie8« 
Jf.A.,  F.G.S. 

2.  *'  Notes  on  the  Strata  exposed  in  laying  oat  the  Oxford 
Sewage-Farm  at  Sandford-on-Thames."   By  £.  S.  Cobbold,  Esq., 

F.G.S.,  AssocMJnst.C.E. 

3.  **  A  Review  and  Description  of  the  various  Species  of  British 
Upper-Silurian  Fenesteilids."   By  G.  W.  Shruhsole,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Quartz  and  quartz  ornaments  from  Japan,  and  Agates,  exhibited 
by  Prof.  James  Tennant,  F.G.S.;  and  Specimens  exhibited  by 
Prof.  T.  H*Kenny  Hughes  and  G.  W.  Shrubsole,  Esq.,  in  illustration 
of  their  papers. 


March  10, 1880. 

BoBEBT  Etuekidge,  Esq.,  F.E.S.,  President,  in  the  Chair. 

John  Ward,  Esq.,  Lenoxvnlc,  Belfast,  was  elected  a  Fellow  ;  and 
Prof.  F.  von  Hochsletter,  of  Vienna,  and  Prof.  A.  lienard,  of 
Bmesels,  Foreign  Correspondents  of  the  Society. 

> 

The  List  of  Donations  to  the  Library  was  read. 

The  following  comnumication  was  read: — 

1 .  On  the  Geological  Belations  of  the  Pocks  of  the  South  of 
Ireland  to  those  of  North  Devon  and  other  British  and  Continental 
District?';'  By  ProfcFsor  Edward  Hull,  'Sl.A.,  F.1<.S.,F.C.S., 
director  of  the  Geological  burvcy  of  Ireland, 
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March  24,  1880. 
BoBntT  ExHSBiDeB,  £eq.,  F,U,H.,  President,  in  the  Chair. 

H.  T.  Bnrlfl,  Esq.^  Paramaribo,  Dutch  Gmana;  John  Allen 

M'Donald,  Esq.,  M.liistC.E.,  Holly  Place,  Hampstead,  X.W. ; 
and  Rev.  Thomas  Edward  Woodhousc.  B.A.,  Amhnrat  Boad, 
Hackney,  N.,  were  elected  FellowB  of  the  Society. 

The  list  of  Donationa  to  the  library  was  read. 

The  following  oommnnieation  waa  read : — 

I.  **The  Newer  Pliocene  Period  in  England. — Part  I.  Com- 
prising tlie  Bed  and  Fluvio-marine  Crag  and  Oladal  Formationa.^ 
By  bearles  V.  Wood,  Esq.,  Jun.,  l\QM. 


April  14, 1880. 
KoBSBX  EiHEBiDOB,  Esq.,  E.]i.;S.,  President,  in  the  Chair. 

Colville  Brown,  'Es^\.,  Hilldrop  Boad,  Tufnell  Park,  ;  John  X. 
Dufty,  Esq.,  Tuxford,  Nol  ts ;  and  tioorgo  Benjamin  Xichols,  Esq., 
C J!.,  Handflworth,  btaffordshire,  were  elected  Eellows  of  the  Society. 

The  List  of  Donations  to  the  library  was  read. 

TIio  President  announced  that  a  subscription,  which  had  hccu 
started  somo  time  since  by  the  Assistant  Secretary,  hud  enabk'd 
him  to  purchase  four  small  Microscopes  for  use,  when  necessary,  at 
the  Evening  Meetings  of  the  .Society.  These  were  exhibited  on  the 
table,  and  were  now  presented  to  the  Society  in  fhe  names  of  the 
Subscribers,  to  wnom  the  thanks  of  the  Socidy  were  due. 

The  following  16  a  list  of  the  Subscribers : — 

H.  Beiierman,  Esq.  J.  AV.  Hulko,  Esq. 

Prof.  T.  G.  Bonney,  F.B.S.  i:.  Hull.  Ivsq.,  F.U.S. 

E.  Crnnc,  Esq.  J.  ('i\\\n  JcflVcvs,  Es(i.,  i\it.fc>. 

Prof.  J'.  3Iartin  Duncan,  F.B.S.  I'rof.  j.  W.  Judd,  E.K.fc). 

Sir  P.  de  M.  Grey-Egerton,  Bart.,  J.  Murie,  Esq. 

F.  B.S.  8.  R.  Pattison,  l^sq. 
B.  Etheridge,  Esq.,  F.R.S.,  Pres.  J.  A.  Phillips,  Esq*. 

G.  8.  Prof.  J.  Prcslwich,  F.B.S. 
John  Evans,  Esq.,  F.K.8.  F.  (!.  H.  rnc(>,  Ki^q. 
"Wilham  Francis,  Escj.  J'rof.  A.  C.  Batiisay,  F.K.S. 

J.  Starkic  (Jardner.  Esq,  W'arington  AV.  Smyth,  Esq., 
Henry  Hicks,  Esq.  F.li.S. 

W.  H.  Hudleston,  Esq.  H.  C.  Sorby,  Esq.,  r.R.S. 

P)rof.  T.  M'Kenny  Hughes.  J.  F.  Walker,  Esq. 

The  President  farther  announced  ibat,  In  aooordanoe  with  an 
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imitation  received  from  the  Geological  Society  of  Traiice,  Mr. 
Thoma*  DavidMm,  F.B.8.,  was  devoted  bjr  the  Coonoil  to  lepreeent 

the  Society  at  the  celebration  of  the  Fiftieth  AniUTeisary  of  the 
frandatioii  of  the  French  Society.    Mr.  Davidson  reports  that  he 

was  received  with  ^roat  distinction  ;  and  the  Council  have  received 
an  intimation  from  M.  do  Lapparent,  President  of  the  Goolofj;ical 
Society  of  Trance,  that  the  Society  had  hecn  exceedingly  gratified 
by  the  symi)athy  manifested  in  the  delegation  of  AIi*.  Davidson. 

Mr.  Davidson"  spoke  as  follows  as  Delegate  from  the  Geological 
So<-ioty  of  London  to  the  (Geological  Society  of  France,  at  the  cele- 
bration of  their  Fiftieth  Anniversary,  on  the  1st  of  April,  1880  : — 

MoxsiEuii  Li",  PiiK.siDKNT  I  P  ( iiKii-s  CoxFiiKKKs, — C'cst  pour  moi  un 
bien  grand  honneur  ct  plaisir  do  mo  trouver  aiijourd'hui  parmi  vous. 

Depuia  quaraute-iuic  anntcs  jc  lais  partio  de  voti'e  societc,  ot  re- 
presents actaeUement  nn  du  petit  nombre  qui  reste  de  cenz  qui 
oomposaient  la  Sooi^tc  Geologiqiid  de  Fraaoe  ea  1839.  Cest  aiisn 
k  la  France  efe  k  mon  T^n^  maitre  et  ami  Constant  Provost  que  je 
dois  mcs  premieres  impressions  en  geologic  ct  en  paleontologie. 

Paris  cat  par  excelk<nc(!  la  capitale  (lui  oiire  lo  plus  de  facilitcs  et 
de  ressources  a  ci  ux  (|ui  desirent  acquerir  une  I'ducation  scientifique. 
Ses  co\ir6  publics  et  gratuits  ii  la  Sorbouue,  au  Jardin  des  Plautes, 
k  Y^ooiie  des  Mines,  &o.  ont  poiasamment  oontriha^  k  ra?aacement 
de  la  science,  et  ont  ^  le  berceau  de  tant  dliommes  qui  se  sent 
diatingii^  depuis  le  commencement  de  ce  sidde.  Paris  est  aussi  le 
grand  centre  do  cidture  inteUcctut  lle  vt  dii  procrr  ( t  do  toutcs  parts 
on  y  puise  des  idros  et  des  faits  qui  tendent  u  ampiilier  et  k  perfea- 
tionncr  Ics  connaissances  humaines. 

Messieurs,  je  suis  vcuu  expressoment  do  Londree,  a  la  demaude  du 
¥t6Mmt,  dn  Consdl,  et  des  1415  pc  i^nnes  qui  oomposent  la  Sod^t^S 
(J^ogiqne  de  Londnes,  aiin  de  les  representor  k  Totre  cinqnanti^e 
anniversairc,  et  pour  Toustemoigner  la  prof ondc  sympathio  et  I'esprit 
do  fratemito  le  plus  sincere  qu'oprouvo  la  Soci<'t('  (u'ologiquo  de 
Loiidres  envers  vons.  lis  me  priont  de  vous  assurer  qu'ils  apprecient 
au  i»lus  hant  degro  la  part  si  iniportanto  que  la  Societe  Gcologique 
de  Franco  a  prise  au  mouvcnient  scientifique  des  cinquante  demieres 
annees,  ct  qui  a  jeto  nne  si  viye  Inmi^  surtout  oe  qui  oonceme  les 
scknoee  g^ologiqnes  eb  pale'ontologiqiies. 

H  me  sembie  opportun  en  co  moment  de  vous  Xi^peler  que  toot 
rdcemmcnt  la  socit'to  anglaise  a  adjuge  a  un  de  vos  membros,  notre 
eavant  confrere  ^I.  A,  Daubre'e,  la  medaille  do  WoUaston  pour  ses 
adrairables  travaux.  Oui,  Messieurs,  la  science  n'a  qu'une  seule  patrie, 
lu  monde  cutier ;  et  nous  u'avons  tous  qu'un  scul  but,  ravancement 
de  la  sdenoe  ct  le  d^  d'appiocher  le  plus  pros  possible  de  lBy4nt4, 
Nos  «<i*^«Hnn«j  BOS  dlTergonces  d'opinions  sent  n^cessaires  et 
logiqucs,  car  d'nne  qaestion  bien  d^attne  la  v^rit^  soigib  le  plus 
Bouvent. 

Lji  Societe  Oeologiquo  do  Londrcs,  depuis  sa  fondation  en  1807, 
a  commu  vous  ])rosp<''n''  et  d'»ti'  le  monde  de  nombreux  travaux,  et 
memo  quelques-uiis  do  ses  unciens  mombres,  tel  quo  lo  Dr.  jBigsby, 
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qui  fit  partio  do  la  Socictu  Gcologicjuo  eu  coutinuent  actuelle- 

ment  k  pnUier  des  ismma.  importants.  La  Society  CMologique  de 
LcndiM  &it  des  tcdiix  les  plus  aidents  poar  que  Tona  oontuiiiieK  h 
pKOBp^rar,  car  quoi(|uo  nous  ayons  obtenu  dc  bion  beaux  rcsultata, 
nous  Savons  tous  qu'il  rcste  infiniraent  plus  a  dc'couvrir,  i\  generaliser, 
et  h  ])crfecti()imor  avant  quo  nous  ayons  rt'solu  d'uno  maniero 
Batistais.nitc  Ics  liombreux  problemcs  qui  fout  partic  da  domaine 
geologiquc. 

La  pal^ntologio,  fond^  par  I'immortel  Owner,  efc  Ibrmaiifc  partie 
int^grante  de  la  g^logie  s^dimentaire,  demande  nne  ^tode  oontmne 

ct  sericusc,  car  le  geologiie  y  a  eonBtamment  Tecours,  et  11  est  de 
toute  nt'cossito  (juo  ridentification  des  os|)('ces  (|ui  car.icti'riscnt  lea 
terrains  ot  les  horizons  frooloiriijucs  soit  pn  cise.  Jo  ne  ])uis  suf- 
fisamment  supplier  les  pal«''oiitolop^steR  do  tous  los  pays  (pii  doorivent 
des  especcs  nouvelles  d  eu  duiiuor  en  mt-me  temps  des  ligurcs.  Le 
manque  de  figures  cause  souTcnt  le  plus  grand  embarras,  et  jette 
one  inoertitudeet  m&me  une  confusion  deplorable  dans  la  synonymic 
et  la  nomenolat»ure.  Les  admirables  travaux  ]}aleontologique8  exe- 
cutes enlVanco  smit  a])prt'ci('s  ])arlc  mondc  ontier,  ct  jc  nic  plais  on 
cctte  oocasion  do  rendro  4iomma^o  a  Alcide  d'Orbigny,  Ueshuyos, 
Do  Vorneuil,  ]5arraiu]o  ot  tant  d'autres  qui  out  reudu  de  si  eminent^ 
services  u  la  pakoutologic  franraise. 

MesaieuiB,  quoique  je  sois  delegue  tout  sp^alement  par  la  Sodct^ 
CMologique  afin  de  la  repr^enter  en  cette  memorable  occasion,  toutes 
nos  principales  societes  geologiques,  zoologiques,  et  d'histoiro  natu- 
rollo  ont  Men  vouhi  rac  charger  dc  los  ro])r('seiitor.  ct  dc  vous 
tciuoigucr  Ic  profond  inturct  qu'cllcs  cprouvciit  pour  la  pmspcrit*.'  de 
votrc  Sncietc,  ains^i  que  pour  le  succcs  do  vos  travaux.  Us  vous  IV'li- 
citent  done  bicn  sincerement  d'avoir  attcint  un  demi  sicclo  d'exist- 
ence,  ot  tous  envoient  leur  meilleon  souhaits  pour  le  temps  k  venir. 

Messieurs,  Tesprit  le  plus  cordial  do  fraternity  eziste  en  Angletene 
envers  la  nation  et  le  peuplo  fren^ais ;  nos  efforts  communs  doivent 
C'tre  dirigcs  a  nouor  ('troitcmcnt  res  senfimruts,  ct  a  irnvoir  d'autre 
rivalitt'  que  eeUe  ([ui  concerno  ravouccment  dc  la  civilisation  (^des 
connaissances  humaines. 

Jc  suis  charge  par  les  Presidents  et  Conseils  des  bocictcs  suivantes 
de  TOUS  f^iciter  en  leur  nom ; — 

La  iSociete  Momle  de  Londres.    (Xotre  Academic  des  Sciences.) 
President  U.  W,  Spottiswoode,  Fondce  en  16G0. 

540  Hembres. 

La  SoeUtS  LimSemu  de  Londres,   President       le  Proi.  U.  J. 
Allman,  F.B.8.  Fond^  en  1788.  600  Hembres. 

La  Societe  Zoolo(/ique  de  Londres.    President  M.  W.  H.  flower, 
F.R.8.   Fond^  en  1826.   3300  Membres. 

La  Sodite  PaUonloluiqve  de  Li),idfcs.     President  "SL  lo  Prof. 
B.Owen,  C.  B.,P.Il.S.    Fondce  en  1847.    rm  :S\vni}n\.<. 

UAss^oCiation  Ot'oloqiqne  de  Londres.    President  "M.  lo  Prof.  T. 
liupert  Jonea,  i  .U.S.    Pondeecn  1858.  400  Membrcs. 
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La  ISocitU  lioyale  d'ljUimhonrtj.  President  Lord  Moucrictf,  Vice- 
President  Sir  WyviUe  Thomson,  F.11.S.  Fond^  en  1783.  400 
Memibiw. 

La  Societe  Oeologique  <v£dimbourg.  Fresideni  M.  B.  3£ilne-Home. 
Fondte  en  1834.  230  Memlnres. 

La  SodMS  Oktlogiqu$  de  GUugow,  PrWent  Sir  William  Huhh- 
gon,FJLS.  Fondee  en  1858.   300  Mombres. 

L'jMdhmStfyaUd^Irlandt,  PrMdent  Sir  Bobert  Kane.  F<md^ 
flona  le  Bdgne  de  George  III.  450  Hembres. 

La  8oeik6  MayaU  QSologique  d^Xrkmde,  Fk^dent  H.  O.  W. 
Kinaban,  M.It.I.A.   Fond^  en  1833.   180  Membree. 

H.  le  Prof.  Ramsay,  Directeur  General  du  SorToy  Gdologique  de 
la  Grande  Br^tagne  et  dn  Hnseum  de  Geologie  Pratique  (£coIe 
des  Mines)  me  charge  de  le  representor  aupres  de  tous,  et  de 
Tous'  assurer  de  rinterct  profoiid  et  sincere  qn'il  p9Fend  ^laproa- 
p^rit^  de  la  Societe  Gcologiquo  de  France. 

n  no  reste  plus  qa*une  partie  du  nord  de  I'An^etene,  de  P^coflae^ 

et  de  rirlande  k  compU'ter  (oorame  vons  pouvez  tous  on  assurer  par 
le<<  cartes  qu'il  mo  prio  de  vous  presenter)  pour  avoir  termini  une 
des  cartes  ^eolo^ques  lee  plus  detaillees  et  les  plus  importantes  qui 
aient  etc  publiees. 

HesseinrSjlee  sciences  geologiqnes  et  paleontologiqucs  sont  dminem- 
ment  eultiv^  en  Angleterre,  ainsl  qne  dans  noa  Colonies,  et  la  pins 
part  des  villcs  unjj^aiseB  ont  leor  socii'tt's  gi^logiques  ou  de  Thistoire 
naturelle  avec  des  musees  souvent  du  plus  g^rand  interet.  Plus  de 
16,0U0  cspiVcs  anglaises  ont  ete  cataloguees  et  classes  par  terrains 
et  par  horizons  geologiques  par  ^f.  Ktheiidge,  Pn'sidcnt  do  la 
Soeiete  Geologique  do  Loudrea.  Cct  ouvrago  important  est  en  ce 
moment  sons  preaso,  et  paraitra  sons  les  auspices  de  rUniversite 
d*Ozford. 

La  Society  Paleontologiquo  de  Londres  est  de  memo  ires  prospere. 
EUe  a  d-  pni^  1S47  public  :i.">  volumes  contenant  environ  dix  millo 
])agcs  et  K>>'>  planches,  et  qui  ont  coule  ji  la  Societe  ]uvs  do  2."),0(>(> 
livrej^  Hterliug.  Let*  immonsea  avantages  a  la  science  ])resentes  \mr 
une  poreille  societe  ue  peuvent  etro  exagcres,  tous  les  funds  obtonus 
par  nne  sonscription  annueUe  trds  mod^ree  etant  employee  h  solder 
lea  fnus  d'impression  et  de  la  confection  des  planches. 

La  Suisse  en  1874  a  cree  une  Societe  Paleontx)Iogique  sur  le 
modele  de  cello  de  Londres,  (pii  a  evideniment  prosj)erc,  ear  cheque 
aunee  son  volume  a  grossi.  Je  suis  persuade,  et  nomlire  do  raos  com- 
patriotts  partagent  la  memo  idee,  quo  si  Ton  etablissait  h  Paris 
une  scmblable  sucict<*,  les  rcaultats  scraient  des  plus  precieux  et 
faciliteraient  la  publication  de  nombrensea  numograpUies  quo  les 
80oi4t^  geologiquca  on  antros  no  peuvent  entreprendre. 

LMssMciation  Gdologique  do  Londres  a  aussi  rendu  de  tr^  grands 
services  i  la  science.  Fondee  il  y  a  viugt-unc  annecs  par  nn  nombre 
de  jeuncs  gens  qui  desiraient  apprcndro  la  geologie  ('eouomiquonient 
par  Paide  mulucl,  et  par  la  discussion  cntro  eux  des  questions  geo- 
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logiques  dans  les  looalitds  m^mes,  et  aveo  de  v^ritableB  coupes  sous 
lea  yeux,  cette  soeidte  a  fonn^  d'exoellents  g^logues,  et  bon 
nombre  de  leor  traTaoz  fbrait^honneor  k  dee  g&Ioguee  do  plus  de 
pretention. 

Lfi  g('olo*>ic  dos  1109  jours  n'cst  pas  cclle  do  1  s;5o.  On  n'ost  plus 
content  do  divisor  les  terrains  en  quolques  j^randes  formations  ou 
BYsti  iuus.  On  a  otahli  ct  ou  cherchc  k  etablir  do  nombreuses  sous- 
divisions  ou  horizons  gdologiques  caracteriscs  par  la  presence  de 
oertaineB  especes  d'ammonites  ou  autres  fonnes  tpeoiales.  Ce  8y»- 
t^me  a  objUge  Lee  g^oguos  &*Gtudier  en  grand  detail  cbaque  oouche 
aveo  une  scrapuleuse  attention;  seulcment  il  faut  se  garder  de 
vonloir  arbitrair»^mcnt  erapOchcr  tcllo  ou  toUo  espocc  do  fran- 
chir  loa  limitca  de  son  soi-disant  huri/on.  I'n  Anglcterro,  comme 
cn  France,  on  attache  la  plus  grandc  importance  a  ccs  sous-divisions, 
et  jo  saisis  cette  occasion  de  remercier  au  nom  de  mes  compatriotes 
IOC.  Hubert,  Barrois  et  autres  d'avoir  bien  touIu  franchir  le 
d^troit  afin  dc  comparer  leurs  lionzons  avec  ceux  de  TAngletene. 
Lenrs  travaux  et  leurs  vucs  ont  eto  tres  apprecies  et  adoptes,  et  nous 
serions  bien  rcconnaissant  que  ces  otudos  comparatives  soient  con- 
tinue:^,  oar  tout  ce  cjui  conccrne  la  g('(»lot,n('  dc  la  France  a  pour  nous 
le  plus  vif  interet,  et  il  doit  cu  etre  de  memo  rclativcmeut  u  I'Angle- 
terre  pour  les  geologues  foinqais.  Cet  ccbange  d'observations  et 
d'id^es  tend  ^minemment  au  progr^s  de  la  science. 

Messieurs,  jo  n'ai  pas  lo  dcsir  d'oceupcr  plus  de  Totro  temps.  Ha 
tache,  bien  agrcablo,  I'tant  accomplie,  j'ai  I'lionnour  au  nom  de  mes 
compatriotes  8cieuti£ques  de  Toua  feliciter  en  oette  memorahle  oc- 
casion. 

The  following  communications  were  read : — 

1.  **0n  a  new  Tberiodont  Koi)tilo  {  (^'llnrhizodon  oriuhnrfjemis^ 
Twelvtr.)  from  the  Upper  Permiau  I^andstouo  of  Kargalinsk.  near 
Orenburg,  in  South-eastern  Ettssia.''  By  "W.  H.  Twelvetrecs,  Esq., 
F.L.8.,  F.G.8. 

2.  Tlio  ClasHifioation  of  the  Tertiary  I'eriod  1»v  moans  of  the 
^^lammalia/'  By  Prof.  IJoyd  Dawkins,  M.A.,  "F.K.S.,  P.G.S., 
Professor  of  Geolo{?y  in  Owens  Collor,'e. 

A  spe(-imon  was  oxliiljited  in  iUustratioa  of  Mr.  TwolTetrees*s 
paper  on  CUorhizoilon  orenburgensis. 


April  26, 16S0. 

BoBHBT  Ethrbidob,  Esq.,  F.B.S.,  President,  in  tho  Chair. 

lU'V.  .Tamos  Oliver  Bcvan,  M.A..  Ihisscll  Trou^(\  Walmloy,  Bir- 
mingham ;  Arnold  Hague,  Esq.,  Washiiii,4oii,  U.S.;  Aui^ustus 
Constable  Maybury,  Esq.,  M.R.C.S.,  23  Charlotte  Street,  Jiedford 
Hquare,  W.C. ;  Henry  Peter  Meaden,  Esq.,  Hallgarth  Slreet,  Dur- 
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ham  ;  William  roiogrino  rropcrt,  Esq.,  M.A.,  LL.J).,  The  Cross 
House,  fc>D.  Davids,  rembiukcshirc,  and  i  Hare  (Joiirt  Temple,  E.C. ; 
and  Fimas  Bandell,  Esq.,  Conham,  Wilts,  were  elected  Fellows  of 
the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
The  foUowiDg  commimioationB  were  zead : — 

1.  "Besoription  of  Parts  of  the  Skeleton  of  an  Anomodont 

Reptile  (Plafyj^odosaui'iis  robnstus,  Ovr.)  from  the  Trias  of  Graaff 
Beinet,  South  Africa.''  By  Prof.  Owen,  C3.,  P.B.a,  P.G.S. 

2.  Note  on  the  Oocurrenoe  of  a  new  Spedes  of  Iguanodon  in 
the  Kimmeridge  Clay  at  Gnmnor  Hntit,  three  miles  west  of  Oxford.'' 
By  Prof.  J.  Piestwidh,  HA.,  F JLS.,  P.0.8. 

3.  "On  lyuanodon  rresiwichii,  a  new  Species  from  the  Kimmo- 
ridge  Clay."   By  J.  "W.  Hnlke,  Esq.,  F.R.S.,  F.G.8. 

Specimens  were  exhibited  by  Profl  Prestwich  in  iliufltration  of  his 
and  Mr.  Hulke's  papers. 


May  12, 1880. 
BoBEBx  Etsehidgb,  Esq.,  F.E.S.,  President,  in  the  Chair. 

Eev.  Samuel  (Ja^kiIlg,  10  Chcethara  Hill  Road,  StalybriUgo; 
Thomas  John  George,  Esq.,  Keyston,  near  Thrapston ;  and  CnthWt 
Chapman  Oibhes,  iSsq.,  M.D.»  Snrbiton  Hill,  Kingston-on-Thames, 
were  dected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Librarj-  was  read. 

The  following  commtmications  were  read : — 

1 .  '"'On  the  Structure  and  Affinities  of  the  Genns  ProtMpowfia, 
Salter."   By  W.  J.  SoUas,  Esq.,  M.A.,  F.G.S. 

2.  *^  Notes  on  JPtehhoj^fhjriia  poli/uoiuisj  von  Heyer,  a  now  Tvpo  of 
Chelonian  Reptile  allied  to  the  Leathery  Turtles.*'  By  Prof.  H.  G. 
Seeley,F.E.S.,F.G.S. 

3.  *'  On  the  Occurrence  of  the  Glutton  (0»h  htscusj  Linn.)  in  the 
Forest-hed  of  Norfolk."  By  E.  T.  Newton,  Esq.,  F.G.S. 

[Abstmct  *.  1 

Remains  of  the  (Tlutton  have  hitherto  been  obtained  only  from 
cave-deposits.  The  author  lia-s  lately  received  from  'Sir.  li.  I'itch, 
of  Norwich,  a  portion  of  the  lower  jaw  of  this  animal  obtained 
from  the  Forest-bed  of  Mundesley,  Norfolk.  The  spedmen  oonsista 
of  about  2  inches  of  the  left  ramus,  bearing  the  first  true  molar  and 
the  hinder  half  of  the  fourth  premolar  in  ifijoce.   The  jaw  is  smaller 

*  This  paper  has  bseii  irithdrawn  by  the  author. 
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than  ill  average  specimens  of  the  recent  (HiUton,  but  presents  all 
the  characters  of  the  species  as  desciibed  iu  do  tail  by  the  author. 

Discussion. 

The  Prj-.siDKNT  remarked  on  the  interest  of  tlie  particular  spe- 
cimen, tlic  exact  honzou  of  the  occurrence  of  which  had  beeu  so 
accurately  fixed. 

Mr.  GuNN  stated  that  ho  had  frequently  fotmd  gnawed  bones  of 
TBrious  mammals  in  the  forest-bed,  and  he  laid  snch  a  gnawed  spe- 
dmon  of  a  deer's  bone  before  the  Society.  He  also  remarked  upon 
tho  compUoation  of  the  series  of  strata  known  as  the  "  Forost-bed 
series." 

4.  "  A  Ileyiew  of  the  Family  Biastoporidte,  for  the  puiposc  of 
Classification."  Bv  George  Itobert  Vine,  Esq.  Gommonicated  by 
Prof.  Danoan,  P.B.S.,  P.G.S. 

5.  "  On  Annelid  Jaws  from  the  Wenlock  and  Ludlow  Formations 
of  the  West  of  England."   By  G.  J.  Hinde,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited :  — 

(iold  iu  quartz  from  Xova  Scotia,  and  "  Cots-eyc^  "  from  Coylon 
and  South  Afrii-a,  exhibited  by  Prof.  J.  Tennant,  F.ti.S. 

A  cast  of  the  jaw  of  dnlo  bisai^f,  exliibited  by  ^\r.  Xewton,  and 
specimens  ot  Annelid  jaws,  exhibited  by  Mr.  Hinde,  in  illustration  of 
their  papers. 

A  new  form  of  Microscope,  adapted  for  petrological  researchi  was 
exhibited  by  Mr.  Watson,  of  PaU  Mall. 


May  l^G,  18S0. 
EoBKBT  Eteeridoe,  Esq.,  F.B.S.,  President,  in  the  Chair. 

Prof.  Prederick  Ciuthrie,  kScienco  Schools,  South  Ken- 

sington, S.W. ;  Bndolf  Hcnslcr,  £s(|.,  Ph.D.,  Western  College,  Har- 
rogate ;  James  Hulme,  Esq.,  Bury  Hoi),  Wolverley,  Worcestershire ; 
William  Jolly,  Esq.,  F.K.S.T:.,  Inverness;  Clinrlcs  Myhill,  E.«q., 
Cnrzon  School  House,  May  Fair,  W. ;  and  Alfred  (ieorge  ISavile, 
Es(].,  B.A.,  Grosrenor  School,  Nottingham,  were  elected  Fellows  of 
the  Society. 

The  list  of  Donations  to  the  library  was  read. 

Xbe  following  communications  were  read : — 

1.  *•  Tlic  Pre-Carl)oniferous  iiocks  of  (  liannvood  iMn-cst." — Part 
III.  Conclusion.  liy  the  Eev.  p].  Hill,  M.A.,  P.G.i>.,  and  Prof. 
T.  G.  Bonney,  M.A.,  JP.E.S.,  F.G.S, 
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2.  "  On  tho  Gcolop^ical  Age  of  Ceatral  and  West  ComwaU."  By 
J.  H.  CoUina,  Esq.,  i  .G.S. 

3.  ^On  a  Second  Fjrecambrian  Gioap  in  the  Malwn  HiUfl.''  By 
0.  Gillawmy,  Esq.,  D.Sc.«  R6.S. 

Microscopic  sections  and  rock-specimens  were  exhibited  by  Frof. 
Bonney  and  Br.  Callaway,  in  illustration  of  their  papers. 

▲  mieroeeopb  section  of  Italian  Eocene  "  Biaspro/'  containin.s^  an 
abundance  of  Badiolaria,  was  exhibited  by  A.  W.  Waters,  Esq., 
E.G.8. 


Jane  &,  1880. 

iioBEBx  Ethebidge,  Esq.,  P.K.S.,  Fresident,  in  the  Chair. 

John  Bum  Anstis  I)u  Sautoy,  Esq.,  C.E.,  13  Blenheim  Koad, 
Bedford  Park,  Chiswick,  W.,  and  Kcv.  John  Cowley  Fowler,  B.A., 
North  Stainlcy  Vicarage,  Bipon,  were  elected  Fellows ;  Frof.  G. 
Dt  wahjue,  Liege,  a  Foreign  Member,  and  Frof.  J.eo  Lcsquereux^ 
Columbus,  U.S.,  a  Foreign  Correspondent  of  the  Society. 

The  nnraos  of  the  following  Fellows  in  orrear  to  tho  Society  wero 
read  out  by  tho  President  for  the  first  iirne,  in  accordance  with 
Section  VI.  B,  Article  6,  of  the  Byc-luws: — E.  G.  Dyke,  ]]sq., 
H.  H.  Girnn,  Esq.,  Jonathan  Harrison,  Esq.,  J.  T.  Jdhnson,  Esq., 
W.  J.  Laneaster,  Esq.,  and  L.  T.  Lewu^  Esq. 

Tho  list  of  Donations  to  the  libmiy  was  read. 

The  following  communicatiops  were  read : — 

1.  **0n  the  Occurrence  of  Marine  Shells  of  existing  Spedes 

at  Afferent  Heights  above  the  present  Level  of  the  Sea."  By  J. 
Owyn  Jeffireys,  LL.D.,  f  .B.8.,  Trees.  G.S. 

2.  On  tho  Pre-DeToniau  llocks  of  Bohemia."  By  J.  E.  Marr, 
Est].,  B.A.,  F.G.hi. 

3.  ''On  the  F^re-Gambrian  Bocks  of  the  North-western  and 
Central  Highlands  of  Sootland."    By  Henry  Hicks,  Esq.,  H.D., 

[Abstract*]' 

Tho  author,  after  examination,  considers  tho  rocks  of  the  fol- 
lowing distrieis  to  be  wbolly  or  in  part  Pre-Cambrian : — 

(1)  Gftm  Fimian  and  Loch  Shiel  to  CaUdonian  Cimal.— In  the 
former  dUtrict  the  rocks  ara  gndss,  generally  massive,  with  hom- 

*  Tliis  paper  has  been  withdrawn  by  the  author. 
TOL.  XXXTI. 
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blende  schists,  as  at  Ben  fin  to  the  north.  In  Glen  Finnileo  is  a 
Bcrios  "which  tho  aiitlmr  rcirards  newer,  and  proltably  Pcbidian. 
At  Fassfcrn  are  quartz  rocks  wliicli  the  author  identifies  with  those 
beneath  the  limestone  in  Glen  Laggan,  near  Ivoch  Maree,  and  pro- 
bably of  Silurian  age.  At  Bannavie  is  a  granite  which  the  author 
eonddera  to  be  Fre-Cambrian. 

(2)  Fort  WtSiam  and  Olen  Nevis. — In  this  district  chloritio 
schists  and  gneiss  occur,  which  the  author  regards  as  Pebidian. 
These  are  overliun  towards  the  south  by  Silurian  roeka. 

(H)  BalhicJudis/i,  Ghn  Coe,  and  lilacl-  M<mnt. — C'hloritic  schist* 
and  quartzites  occur  here,  followed  along  Loch  Levcn  unconformable* 
by  Silurian  rocks.  On  the  east  of  the  Aidsheol  peninsula  there  la 
granitewhiehtlieantliorbclierestobePre-Gambrian.  Going  eastward 
from  Ballachulish  are  black  slates,  probably  of  Silurian  age.  In  Glen- 
coo  are  granite-handrd  t'elsite,  gneiss,  and  breccias,  resembling  as  a 
•whole  the  rocks  of  the  Welsh  Anonian  group.  Between  the  Black 
Mount  and  Loch  Siillich  are  traces  of  a  great  rre-Cambrian  axis, 
bringing  up  the  gnci»»ic  t^ories  \  this  is  traceable  also  towards  Glen 
Spean  and  Loeh  Laggan  to  the  J!.  Silurian  qnartrites  axe  also 
found  along  broken  lines,  resting  on  the  gneiss  rooks. 

(4)  Tynih'um  to  Callander. — South  and  east  of  the  former  are 
gneisses  and  silvery  mica-5:chists.  CVystalline  limestones  and  ser- 
pentines arc  associated  near  Loch  Tay,  resembliDg  those  in  the 
Pebidian  series  ot  iSortli  W.iks. 

Tho  author  states  that  the  Silurian  (and  Cambrian)  rocks  flank 
tbe  Pte-Cambrian  in  lines  from  N.E.  to  S.W.  Thus  here,  as  else- 
where, subsequent  denudation  has  removed  enormous  masses  of  the 
more  recent  rocks,  only  here  and  there  leaving  patdies  of  these  in 
folds  along  depressions  in  tho  old  Pre-Cambrian  floor. 

Discussion. 

Professor  Judd  said  tiiat  the  time  was  too  short,  and  there  was  a 
difficulty  in  findinji  a  common  irround  fi)r  discussion.  Dr.  ITicka 
seemed  to  think  that  th(^  acre  of  roeks  could  1)0  fixed  by  tlieir 
mineral  (  huracters.  As  to  the  age  of  these  altered  rocks,  he  thought 
most  geologists  held  their  views  in  suspense  ;  he,  however,  thought 
Dr.  Hicks's  section  offered  as  great  difficulties  as  any  other.  'Where, 
for  example,  were  the  fossils,  if  these  Silurian  beds  were  not  altered, 
as  asserted  by  Br.  Hicks?  He  thought  the  Callander  limestones 
much  altered. 

Prof.  llr(inEs  thought  that  tlie  s])eeimcns  exhibit'd  liy  Dr.  llicks 
proved  that  he  had  at  any  rate  one  group  of  gneissic  reeks,  and 
another  group  of  rocks  hardly  at  all  altered  ;  and  if  the  unaltered 
rocks  rested  on  the  metamorphic  series  in  the  manner  described  by 
Dr.  Hicks,  he  must  accept  Dr.  Hicks  s  reading  of  the  district  as 
regards  those  two  divisions.  In  reply  to  Prof.  Judd,  he  maintained 
that  Dr.  Hicks's  section  was  quite  clear  and  natural,  whether  its 
general  accuracy  would  bo  cooiirmed  by  subsequent  obsen  ers  or 
not. 
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Mr.  Httvlestox  said  the  questicii  was  really  one  €i  evidenoe, 
and,  till  the  section  had  been  examined  by  several  persons,  it  was 
difficult  to  come  to  a  conclusion.  In  Prof.  Harkness's  section  the 
limestones  were  in  anticlinaLj,  in  Dr.  Hicks's  they  were  synclinals. 
How  was  it  tibat  tliese  Pre-CambiianB  had  a  NJB.  strike?  Proia 
their  mineralogical  oharaeter  the  xoeks  of  the  moor  of  Bannoch 
could  not  in  jfoinieeB  be  correlated  with  the  Febidian. 

The  Fresidest  said  that  the  subject  was  a  difficult  one  to  tmder- 
stxind  clearly.  Dr.  Hicks,  no  doubt,  had  much  experience  in 
these  older  rocks.  The  ^^cotch  surveyors,  with  most  careful  work, 
had  not  yet  been  able  to  come  to  a  definite  conclusion  on  many 
points^  and  the  eoontry  had  not  heen  all  snr^eyed  and  mstvped. 

Br.  HzoKB  said  that  the  Callander  rodos  said  to  he  altered  hy 
Frof.  Judd,  wore  not  altered.  Mr.  Hudleston  had  feiyotten  that 
he  had  already  pointed  out  that  the  Prc-Carabrian  groups  had  dif- 
ferent strikes.  The  limestones  belonging  to  the  unaltered  scries 
were  easily  distinguishable  from  those  belonging  to  the  metamorphic 
rocks,  though  hitherto  they  had  been  conibunded  with  one  another. 
The  nnalteired  rocks  oocnzied  in  broken  synclinal  folds  in  each  of 
the  areas  examined,  and  T«ty  jfirequently  contained  fiagments  from 
the  immediately  nnderlying  metamozphie  ro^. 

The  following  specimens  were  exhibited : — 

A  specimen  of  Argnmuta,  exhibited  by  £.  Charlosworth,  Esq.^ 
F.G.8. 

Rocks  and  fossils  exhibited  by  Dr.  Hicks  and  Mr.  Marr  iu 
iUustration  of  their  papers. 


June  23, 1880. 
BoBBBT  ExHBBiiMn,  Esq.,  P.B.S.,  President,  in  the  Chair. 

Edwin  Muir,  Esq.,  M.Inst.C.E.,  10  Wellington  Street,  Higher 
BrooghtoD,  Manchester;  Beinamin  Sykes,  Esq.,  CJl.,  Wlnddey 
Square,  PMston ;  and  John  ^orhnni,  Esq.,  Ditton,  near  WidneS) 
ware  elected  FellowB  of  the  Society. 

The  nuraes  of  the  following  Fellows  in  arrear  to  the  .Society  were 
read  out  by  the  President  for  the  second  time,  in  accordance  with 
Section  YI.  B,  Article  6,  of  the  Bye-laws E.  G.  Dyke,  Esq., 
H.  H.  Gnnn,  Esq.,  Jonathan  Harrison,  Esq.,  J.  T.  Johnson,  Esq.,. 
W.  J.  Lancaster,  Esq.,  and  L.  T.  Lewis,  Esq. 

The  List  of  Donations  to  the  library  was  read. 
The  following  commnnications  were  read: — 

* 

1.  «  On  the  SkoU  of  an  IththyomuruM  from  the  Lias  of  Whitby, 

apparently  indicating  a  new  S])ecies  (/.  zetlamlievSt  Seeley),  pre- 
served in  the  Woodwardian  Museum  of  the  L'niTCnity  of  Cam- 
bridge."  By  Prof.  H.  G.  Seeley,  E.li.S.,  J:  .G.S. 
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2.  "Note  on  tho  Cranial  Characters  of  a  largo  Teloosaur  from 
tho  Whitby  Lias,  preserved  in  tho  Woodwardian  Museum  of  the 
XTniyenity  of  Cambridge."   By  Prof.  H.  G.  Seeley,  F.R.S.,  P.G.8. 

3.  "On  the  Discover}-  of  the  place  where  Pnlrrolithic  Imple- 
ments were  made  at  Crayford.''    By  F.  C.  J.  Spunell,  I'ltq..  F.G.S. 

4.  "  The  Geology  of  Central  Wales."  By  Walter  Kcei)inn:,  Esq., 
M.A.,  F.G.S.  With  an  Appendix  by  C.  Lapworth,  Esq.,  on 
a  new  Species  of  CladopJiora, 

"On  new  I'rian  (BevoniBa)  Flants."    By  J.  W.  Dawson, 

6.  **  Oil  the  Tonninakions  of  some  AmmoniteB  from  ibe  Inlbrior 
Oolite  <d  Dorset  uid  Somenet."  By  James  Bookman,  Esq^  F.G.8.y 
FX.S. 

7.  "Faroe  Islands.  Notes  upon  the  Coal  found  at  Siideriie.^ 
By  Arthur  H.  Stakes,  F^q.,  F.Gj9. 

8.  •*  On  some  new  Crotaccoiw  Comatula;"  By  P.  Herbert 
Cariwnter,  Esq.,  M.A.  Communicated  by  X*rof.  P.  Martin  Duncan, 
M.B.,  F.11.S.,  F.G.S. 

9.  "  On  the  Old  Rod  Sandstone  of  the  North  of  Troland."  By 
F.  Nolan,  Esq^  M.B.LA.  Communioated  by  Prof.  Hull,  LLJ)I, 
F.E.S.,  F.G.8. 

10.  "  A  Review  of  the  Family  Yincularidie,  Recent  and  Fossil,  for 
the  purpose  of  daanfication."  By  G.  B.  Vine,  Esq.  Commnni- 
cated  by  Pnf.  P.  M.  Bonean,  ILB.,  FJt.8.,  F.G.8. 

11.  On  the  Zones  of  Marine  Fossils  in  tho  Cakilcrous  Sandstone 
Series  of  JBlfe."  By  James  W.  Kirkby,  Esq.  Commnnicated  by 
Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.8. 

\2.  Tho  Glaciatiou  of  tho  Orkney  Islands."  By  B.  N.  Peach, 
Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.GJ3. 

The  following  specimens  were  exhibited ; — 

Specimen  of  brain-case  of  Tdeosaurus  eiicejiJuihis  from  the  lias  of 
Whitby,  exhibited  by  Prof.  T.  Sl^K.  Hughes,  M.A.,  F.O.S. 

A  snbanprular  boulder  iVom  the  C'amljridf^e  (Jreciisand,  sho\Wng 
ice-scratches,  and  a  stone  hatchet  from  Horningsea  near  Cambridge, 
exhibited  by  W.  Keeping,  Esq.,  M.a\.,  F.G.S. 

Specimens  were  ^so  exhibited  by  Hessrs.  Bnekman,  Sponell, 
Keeping,  and  Home,  in  flliutiation  of  their  papers. 
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1.   On  COCKETIONARY  PaTCHES  Otlcl  FRAGMENTS  of  OTHER  RoCKS  fO»l- 

tained  in  Granite*.  By  J.  Abihus  I'mujps,  Esq.,  P.G.S. 
(Bead  Kovember  lU,  1&7U.)  ' 

[Fun  I.] 

Ko  one  who  ia  in  the  hahit  of  Tisiting  granito-quarrios,  or  who 
liM  bad  frequent  oppoHnnitiee  of  ezamining  granite,  ei^er  in  s 
dressed  or  in  a  polished  state,  can  hayc  failed  to  observe  that  it 
frequently  contains  patches  which  resemble  imbedded  fragments  of 
elder  rock.  Those  patches  orTiests  are  usually,  allhdugh  not  alwayp, 
darlcer  in  colour  tlmn  the  granites  in  which  they  occur,  wliile  their 
form  may  be  either  rounded  or  more  or  less  angular.  In  the  firbt 
ease  the  peteh  xesemUes  an  enclosed  pebble,  wlule  in  the  second  it 
often  presents  the  appearance  of  a  fraginent  of  slate  or  mica-eobiBt. 
Fuch  patches  most  frequently  have  their  outlines  clearly  and 
shHq)ly  defined,  hut  they  occasionally  merge  by  almost  inip^nffjMf^ 
gradations  into  the  enclosing  granite. 

They  are  usually  finer  in  grain  than  the  granites  in  which  they 
are  found,  and,  from  being  lees  eaeily  attacked  by  atmospheric 
not  nnoommonly  stand  out  in  considerable  relief  from  the 
anrfaces  of  weather-worn  boulders.   The  union  of  the  enclosed 
patch  with  the  enclosing  rock  is  generally  complete,  and  their 

*  In  this  paper  flnr-praincd  granitic  pntrhre  or  ncxhdre,  althoiipli  not  exhi- 
biting a  ooDoentric  itructure,  are  apoken  of  as  concretionary.  Ihey  are  also 
•omeUBMMaMntionsd  as  ecncretioDi. 

Q.  J.  G.  8.  No.  141.  B 
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eoheeioii  it  bo  ^exfeeb  that  it  is  seldom  difioott  to  obtaiD  band 
specimens  oxhibiiang  the  line  of  junction  of  the  two. 

Such  bodies  sometimes  enclose  cnstals  of  ftlspnr  similar  in  all 
respecU  to  thoac  of  the  enclosing  granite,  exro})ting  that  in  tlio 
majority  of  cases  their  angles  arc  more  distinctly  rounded ;  patches  of 
this  kind  occasionally  contain  othefs  either  of  a  lighter  or  of  a  darker 
ooloor  than  theauelyee.  The  indnsions  in  granitic  rocks,  although 
they  have  long  attracted  the  attention  of  geologists,  do  not  appear 
to  have  been  often  a  subject  of  investigation ;  they  have,  however, 
been  mentioned  by  varioiis  authors,  who  have  acoountod  for  their 
presence  in  dillcrcnt  ways. 

In  his  '  Geological  Classification  of  Bocks  *  (p.  230),  published 
in  1821,  Dr.  John  Maoonlloch  writes  as  follows : — 

The  magnitade  of  the  parts  in  granite  is  extremely  various, 
each  oonstitiient  mineral  sometimes  exceeding  an  inch  in  di- 
mensions, and  at  others  being  almost  inviBibly  minute.  Various 
textures  are  also  often  united  in  a  very  liraiti^d  space,  or  the  rock 
passes  imperceptibly  from  hne-  to  coarser-grained.  Occasionally  also 
irregular  patbhiBS  or  vttoB,  of  a  fine  texture,  are  seen  imbedded  in  a 
ooaiser  variety.  In  one  rare  instance  the  parts  a&ct  a  spbanndal 
arrangMBisnt." 

Naumann  (1  S.'S)  observes  : — *' Pseudof ragmen tarj'  Concretions. 
These  appear  like  more  or  less  8hari>-angled  fragments,  but  without 
being  so.  Such  concretions  occur  not  unfrequently  in  granite  and 
syenite  and  in  other  rocks  made  up  of  crystalline  silicates ;  they 
have  sometunes  been  quite  erroneonsly  inteipreted,  baying  been 
really  taken  for  what  they  seem  to  be''*. 

The  same  author  subsequently  remarks : — "  In  this  connexion 
we  have  yet  another  opinion  to  consider,  to  which  attention  has 
already  been  called  (i.  p.  919),  the  opinion,  namely,  that  these 
fragments  aro  not  really  to  be  regarded  as  such,  but  merely  as 
Ihigment-like  concretionB.  That  concretions  really  sometunes  oeeor 
which  in  thdr  form  possess  a  deceptiye  rcsomblanoe  to  angular  or 
rounded  fragments  is  certainly  no  more  to  be  denied  than  Uiat  occa- 
sion ally  fragments  acquire  the  appearnnco  of  concretions  (L  pp.  422 
and  500)  by  the  fusion  and  rounding  of  the  eontours''t. 

Hochstetter  states  that  tho  island  of  liilliton  is,  like  Banco, 
principally  granite,  and  that  the  rocks  closely  resemble  the  stanni- 
ftnms  granites  of  the  C^lsbad  district,  including  a  porphyritio 
granite  liko  that  of  the  neighbourhood  of  Marienbad,  containing  tho 
BQmc  highly  micaceous  fine-grained  dark  endoemres  of  globnlar 
form  t» 

Under  the  heading  of  "Segregation  of  Granites,"  Jokely  makes 
the  following  observations  : — "  Besides  the  lamellar,  spherical,  con- 
oentrically-coated,  and  more  irregular  segregations  also  msiks  their 
appearance.  The  spherical  is  usually  combined  with  the  scaled^ 
whilst  the  Choroidal  or  eUipeoidal  forms  which  are  met  with  in 

*  C  F.  Xaunmnn.  Lehfb.  dw  Qeognssie,  2.  Auf.  toL  L  p.  422L 

t  Ibid.  voL  u.  p.  203. 

t  7.  HMiutotter,  Jahrb.  L-k.  geoL  BeiohsMuialt.  1858,  p.  285. 
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many  places  arc  usually  only  the  iuterior,  harder  nuclei  of  former 
larger  blocks  of  ooiiceiitiio  tteaetaze,  wbidi  wmask  behind  as  such 
after  their  outer  baik,  as  it  were,  has  peeled  off.  Within  such 
round  blocks  there  is  frequently  an  inner  concretion,  from  to  2 
feet  and  more  in  diameter,  which  consists  essentially  of  aggrega- 
tions of  mica,  and  probably  may  in  most  cases  have  been  the  first 
inducement  to  the  concentric  scaled  structure.  Locally  these  con- 
oretionary  cncloflures  are  called  *  souls.'  This  segregation  occurs 
in  most  yarietiee  of  gnmite^  but  e^edaUy  in  l£e  flner-grained 
ones'**. 

A  still  more  recent  writer  on  the  geology  of  Bohemia  makes  the 
following  observations  on  the  granites  of  that  countrj'^ : — "  One  of 
the  most  remarkable  peculiarities  of  this  variety  of  granite  (horn- 
blende granite)  is  the  innumerable  tine-graincd  encloauros  which 
it  contains.  Thej  are  always  sharply  segregated  from  the  con- 
taining rock,  and  are  of  all  sizes,  from  that  of  the  fist  to  that  of  a 
inn's  head.  The  ground-mass  of  these  fragments  is  of  a  dark  colour, 
consisting  of  mica  and  small  quartz-grains,  in  which  white  orthoclase 
cr\-stals  are  for  the  most  part  porphyritically  devolo[>cd.  Tlio  en- 
closures also  contain  hornblende  cr^'stals,  although  not  in  such 
quantity  as  in  the  enclosing  rock.  It  is  difficult  U)  say  any  thing  as 
to  tiiemode  of  production  of  these  fragments ;  bnt  from  tiie  identity 
of  the  oonstituutts  and  from  their  great  abundance,  it  would  appear 
tiiat  they  were  not  derived  from  a  rock  broken  through,  but  tho 
product,  during  the  solidification  of  the  whole  mass,  of  a  process  of 
segn^ation,  tho  nature  of  which  is  entirely  unknown  to  us.  The 
circumstance  must  be  noted,  however,  that  they  are  exclusively 
confined  to  the  area  of  the  hombleiide  gnmite^  but  entirely  abmt 
in  the  other  ▼ari0tieB''t« 

A  very  remarkable  example  of  concretionary  granite  is  described 
in  the  V.  S.  Kcport  on  the  Geology  of  Vermont  ^.  "The  basis  of 
this  remarkable  variety  of  granite  is  rather  fine-grained,  white  and 
highly  felspathic.  The  mica,  however,  is  usually  dark,  and  where 
it  exists  in  large  quantitios  it  gives  the  rock  the  aspect  of  syenite. 
Bot  there  is  no  hornblende  present.  Scattered  tiiroagh  this  base 
oooor  numerous  spheroidal  or  elongated  and  somewhat  flattened 
nodules  of  black  mica,  from  half  an  inch  to  two  inches  in  diameter ; 
and  when  elongated  the  longer  axis  is  sometimes  seen  as  much  as 
four  or  five  inches  long.  They  are  usually  more  or  less  flattened, 
and  have  a  shrivelled  appearance  like  dried  fruit.    They  sometimes 

become  so  thin  as  to  consist  only  of  a  fbw  plates  "When 

the  nodide  is  elongated  and  the  wrinkles  correspond,  as  ti^y  always 
do,  to  the  longer  aads,  the  resemUanoe  is  veiy  striking  to  a  dried 

*  Johann  Juktly,  "  Oeogn.  Yerhiiltiiisse  in  einem  Theile  des  mittleren 
Bohmon,"  Jahrb.  L-k.  geoL  Beiohwutolt,  186S,  p.  STS. 
t  P.tmiAiMMMi,  ^BeilnimiiirOsologisdeBXadriinermidTsbQTCrSi^^ 


in  B-jhmen,"  ihid.  1&)3,  p.  l&u 

X  Beport  on  the  Qeologv  of  Vermont,  bv  Edward  Hitchoock,  LL.D.,  JBSdward 
Eiftoheock.  Jan.,  M.P.,  llliiit  Bsger,  A.M.,  and  Cfliis.  H.  ffitehoock,  AJC. 
voLii.p.fiM.1661. 
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battemui,  more  especially  when  stripped  of  its  epicarp.   No  wondev 

they  should  be  oalled*  petrified  bottwniitB'   If  a  t^eeimeiiv 

somewhat  flattened,  be  placed  on  its  edge,  and  a  moderately  sharp 
blow  be  given  to  it  with  a  hammer,  concavo-convex  scales  will  be 
chipped  off  even  to  the  centre.  Thoy  nro  composed  of  layers  of 
mica  with  granular  (juartz,  and  probably  some  fclsipar  interposed. 
The  structure  ia  evidently  concretionary ;  yet,  as  already  intimated, 
one  oan  hardly  avoid  the  suspicion  that  something  has  been  ab- 
straeted  from  some  of  them,  causing  a  shrinkage." 

At  page  721  of  the  sam0  folume,  the  Rev.  S.  Hall  remarks: 
— "  These  singular  nodules  seem  to  be  imbedded  in  the  granite 
mass  '  like  plums  in  a  pudding.'  They  eNtend  only  a  short  distance 
from  the  place  where  first  found  in  fetanstead.  From  that  place  to 
Graftsbury  the  granite  ezMMts  no  nnnsnal  appearance.  At  the 
sooth  Tillage  in  the  latter  town  is  an  immense  bed  of  nodular 
granite,  some  of  which  seems  to  be  composed  almost  entirely  of 
nndnles  slightly  cemented  by  grains  of  mica  and  quartz.  Other 
parts  of  the  rock  are  very  solid,  and  not  inclined  to  decomposition 
more  than  other  granite.** 

In  a  paper  "  On  the  Metamorphic  Origin  of  certain  Oianitoid  Books 
and  Granites  in  the  Southern  Uplands  of  Scotland  "  ^,  Mr.  J.  Geikie, 
FJL8.,  describes  **  nests  "  of  altered  rock  which  occur  in  some  of 
the  grey  granites  of  that  district.    These,  he  says,  often  exhibit 
distinct  traces  of  lamination  ;  and  their  mcwt  usual  character  is  that 
of  an  exceedingly  fine-grained  mica-schist,  the  darker  almost  black 
shade  being  duo  to  the  abundance  of  mica.    They  are  very  irregular 
in  shape,  and  by  no  means  confined  to  those  portions  of  the  rook 
which  abut  upon  the  outlying  bedded  or  aqueous  strata,  but  are,  on 
the  contrary,  scattered  indiscriminately  throughout  the  granite. 
He  subsequently  proceeds  to  account  for  the  presence  of  these  nests, 
and  states  that  they  "  either  represent  bueh  little  detached  por- 
tions of  shale  as  are  of  common  occurrence  in  the  Lower  Silurian 
greywackcs,  or  they  may  be  remnants  of  thin  bands  or  beds  of 
sbfJe  that  interleaved  the  original  strata.    Those  who  deny  the 
metamorphic  origin  of  granite  will  probably  suggest  that  the  'nesta* 
of  altered  rock  iumv  have  been  canght  up  by  the  granite  during 
its  progress  through  the  strut  a  that  envelope  it.    But  if  this  had 
been  the  case,  we  should  cedainly  expect  to  find  the  'nests'  not 
only  more  abundant  near  the  junction  of  the  granite  with  the 
stratified  rocks,  but  indeed  almost,  if  not  exclusively,  confined  to  that 
area.    They  are  not  more  characteristic,  however,  of  one  portion  of 
the  granite  than  of  another,  but,  as  already  remarked,  are  scattered 
indiscriminately  throughout.    T  ara  therefore  forced  to  conclude 
that  the  crystalline  rocks  described  above  have  resulted  trom  the 
alteration  in  situ  of  certain  bedded  deposits.    The  occurrence  of  the 
*  nests'  cannot  be  accounted  for  on  any  other  theory.*' 

None  of  the  published  descriptions  of  these  concretions  or  enclosures 
in  granites  appear  to  have  resulted  from  investigations  founded 
either  upon  chemical  snalysis  or  upon  a  microscopical  ezaminatioQ 
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of  thin  sections ;  and  I  have  consequently  been  induced  to  avail 
myself  to  some  extent  of  those  methods  of  research  in  the  hope  of 
being  thereby  enabled  to  more  clearly  determine  than  has  hitherto 
been  done  the  nature  and  origin  of  raob  bodies.  In  carrying  oat 
this  work,  I  first  examined  some  of  the  principal  quarries  in  the 
grtmito  districts  of  the  west  of  England,  and  subsequently  those  in 
the  neighbourhood  of  f^hap,  in  Westmoreland.  I  afterwards  raado 
myself  acquainted  with  those  in  tlic  vicinity  of  Aberdeen  and  Peter- 
head  in  Scotland,  and  examined  numerous  specimens  from  the  di^ 
triet  aboat  Fort  William  ooUected  by  Mr.  0.  W.  Menifield»  F.B.S. ; 
flnallj  the  granite-qnarriee  situated  in  the  Tioinity  of  Kewiy  and 
CasfleweUan  in  Irdtand  were  Tisited. 

In  the  following  pages  I  propose  to  describe  the  various  granites 
and  their  respective  inclusions  in  the  order  in  which  the  several  dis- 
tricts were  examined,  beginning  with  a  quarry  at  Lamorna  Cove  in 
Wert  CScnnwally  five  Buks  sontib-wesfe  ftom  the  town  of  Pensance. 

&i0luh  CfrtmiUi, — The  granite-qnairies  at  Lomoma  are  sitaated 
mainly  in  the  cliff  forming  the  more  easterly  shore  of  Lamorna  Cove, 
and  they  have,  at  various  times,  been  somewhat  extensively  worked 

*  .  _ . 

for  buildin<j^-material.  The  granite  from  this  lociility  is  grey  in 
colour  and  moderately  coarse  in  structure,  occasionally  enclosing 
crystals  of  white  felspar  an  inch  and  a  half  in  length,  together  with 
numenms  smaller  ones  possessing  a  distinctly  greenish  shade. 
Crystalline  granules  of  a  brownish  transparent  quortz  are  also  abun- 
dant, as  is  hkewise  a  nearly  black  mic  a,  which  is  disseminated  in 
minute  scales  throughout  the  other  constituents.  Black  patches  are 
exceedingly  abundant  in  this  granite,  and  have  generally  tho 
appearance  of  fine-graiucd  enclosures  with  irregular  outhnos ;  not 
nnfrequently  these  exhibit  a  textore  closely  resembling  that  of  a 
hardened  slate  or  micaoeons  schist,  and  they  are  sometimes  observed 
to  be  traveraed  by  strings  or  veins  of  tho  enclosing  granite.  The 
frequency  of  the  occurrence  of  black  patch es  in  this  rock  considerably 
detracts  from  its  value  as  a  building-material,  as  may  bo  seen  in  the 
Museum  building  at  Penzance,  the  front  of  which  is  constructed  of 
Lamorna  granite  containing  nnmerous  dark  qpots.  In  this  qoarry 
the  dark  patches  sometimes  indnde  imperfect  crystals  of  qnarts  of 
eonriderable  aise,  resembling  in  all  respects  those  of  the  snrronnding 
granite. 

"When  examined  under  the  microscope  the  mica  of  this  granite 
appears  to  be  chietiy  of  a  dark  brown  colour,  and  is  observed  to  ))© 
marked  by  circular,  or  nearly  circular,  spots  of  a  much  darker  shade  ; 
in  the  centre  of  many  of  these  markings  a  crystal  of  apatite  occurs 
aa  a  nucleus.  This  mica  is  often  penetrated  by  well-formed  crystals 
of  unaltered  magnetite,  which  is  also  found,  although  with  less  fre- 
quency, in  the  crystals  of  felspar  and  quartz.  Tho  presence  of 
wliite  mica  is  somewhat  exceptional ;  but  this  granite  contains  light- 
brown  tourmaline  as  well  as  a  few  small  crystals  of  apatite. 

The  quarts  d  this  rock  encloses  the  usual  liquid-cavities,  yrhich, 
boweter,  axe  not  generally  numerous;  the  felspar  is  in  part  ortho- 
dase^  but  a  notable  proportion  of  a  plagioclostio  spedes  ia  also 
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present.  The  oiystala  of  ortboclaao  often  enclose  greins  of  quarts 
and  patdhes  dt  a  trioUnic  felapar. 

Six  diiBsfrent  leotioiia  were  prepaied  of  as  many  daik  miMfleooi 
SnehiaionB  from  tills  locality,  and,  with  the  sneapooii  of  tiro,  tiisj 

were  found,  when  examined  under  the  microaeope,  to  differ  from 
one  another  in  the  finen^  of  their  grain  only.  Four  of  the  speci- 
mens consifit  essentially  of  a  mixture  of  granular  quartz  with  felspar, 
through  which  numerous  flokea  of  dark  mica  are  disseminated^ 

Tbs  Ibk^  doss  not  yerj  often  flshlMt  any  tnees  of  tiidinie 
sbiation ;  bvl  tiie  plates  of  mioa  are  nsoaUy  siranged  with  theii 
szeB  approximilitLy  parallel  to  the  same  planer  As  ia  almosk 
invariably  the  caPO  in  this  locality,  the  inclusions  are  much  closer 
in  grain  than  the  granite,  and  the  quartz,  which  is  found  chiefly 
in  patches,  occurs  mostly  in  granules  from  '75  millim.  to  1  millim. 
in  diameter.  In  addition  to  the  foregoing  constituents,  these  patches 
endose  minute  and  imperfectly  crystelliied  gamete  cf  a  dsA-groea 
colour,  magnetite,  or  ilmenite,  and  imperfect  crystals  of  tourmaline. 
The  larger  crystals  of  gamot  are  sometimes  '5  millim.  in  diameter, 
while  the  smaller  ones  are  frequently  made  up  of  an  a^regation  of 
exco(  diiiirly  minute  blebs  separated  from  one  another  by  spaces 
filled  up  with  quartz. 

The  two  lemaining  seetions  of  inohifflonB  fnm  this  locafity  diffisr 
fimn  tiie  preoeding  only  in  oontaining  a  leas  proportion  of  felspar, 
tbe  absence  of  whieh  is  compensated  for  by  the  presence  of  a  large 
quantity  of  a  bacillnr  colourle.s-*  mineral,  which  is  proT)ably  tremolitc. 

At  Wicca  Fool,  Zfiiiior,  <:r;uiito  in  the  form  of  veins  penetrutea 
for  a  considerable  distance  into  the  mica-slates  forming  the  8ca-clitt', 
and  fragments  of  slate  which  have  been  detached  from  the  general 
mass  hsTO  beoome  enclosed  in  the  granite.  Hiese  endosed  fragments 
are  angular,  their  outlines  are  sharply  defined,  and  their  union  witii 
tiie  surrounding  granite  along  the  surfaceis  of  contact  is  complete. 

In  grnoral  appearance  the  included  fragments  can  scarcely  bo 
distinpii'-lied  irom  sjKcimcns  of  the  genrral  mass  of  the  micaceous 
rock  taken  irom  along  the  line  of  its  direct  contact  with  the  in- 
trasive  granite,  excepting  that  foliation  has  been  almost  obliteratod. 
Sections  of  the  mica-slate  in  contact  with  the  granite  are  seen  nnder 
the  microscope  to  consist  of  a  mixture  of  granular  qnaits,  brown 
mica,  and  a  little  white  mica — the  la>t  l^'ini^  ])resent  in  very  small 
quantity  only,  with  a  few  orcasional  minute  garnets  and  a 
considerable  amouut  of  magnciite  in  the  form  of  disseminated 
grains. 

Thin  sections  prepared  from  fragmento  found  hy  Mr.  H.  Banermaa 
endosed  within  the  granite  do  not  differ  materially  from  those  made 
from  Contact  specimens,  excepting  that  both  the  quarts  and  mica 

are  in  tViis  case  more  di^itinetly  crystalline. 

^Vhen  seen  in  polarized  liiilit.  sections  cut  from  the  included 
fragments  and  those  from  the  slate  iu  immediate  contact  with  the 
granite  Teins  are  scarcely  to  be  distinguished  from  one  another,  as 
the  grains  of  quartz  in  the  contact^spedmens  then  become  wdl 
defined ;  their  average  diameter,  from  *07  millim.  to  *1  millim.,  is 
the  samo  in  both  instances. 
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The  grey  granite  extensively  quarried  in  the  neighbourhood  of 
Penryn  is  almost  entirely  frco  from  patches  differing  materially, 
either  in  texture  or  ooloor,  from  the  Burrouuding  rock.  Such 
Indies  are,  howeyer,  to  some  ezfamt,  repreieiited  liy  ooenbnal 
aggregationa  of  a  few  large  flakes  of  mica.  One  of  these  nests,  ot 
about  the  size  and  thiokneas  of  a  shilluig,  from  Canuew  quarry  was 
found  to  consist  of  a  mixture  of  greyish-white  and  blaok  mioss 
without  any  admixture  cither  of  quartz  or  felspar. 

The  granites  in  the  neighbourhood  of  St.  Austell,  the  majority  of 
n^bloh  aie  to  a  greater  or  leas  extent  sdiorlaoeoua,  and  which  are 
soBietunes  maiked  bj  xeddisli-bitown  ^oti  xeBoltiiig  from  tlio  peiw 
oxidation  of  femms  compounds,  azo  generally  free  frt>m  nests 
differing  in  toxturc  or  colour  from  the  surrounding  rock;  and  although 
several  quarries  in  this  district  were  ^^xfttn^nwl,  no  speciinena  of  in^ 
elusions  were  obtained. 

At  Groady,  in  the  parish  of  Luxulyan,  a  large  quarry  has  been 
opened  upon  a  eoazse-grained  grey  granite  containing  a  moderate 
amonnt  of  black  and  siherj-irhite  idea,  with  occaeional  eijitals  of 
schorl.  This  granite  sometunes  contains  ^Iwtddal  or  oroid  bodies 
very  dark  in  colour,  and  closely  resembling  water-worn  pebbles  of 
fino-prraincd  "greenstone";  those  are  firmly  imbedded  in  the  rook 
and  exhibit  distinct  and  sharply  defined  outlines. 

An  indnaion  from  the  Gr^y  quarry,  one  half  natural  size,  is 
represented  in  fig.  1,  PI.  L 

An  examination  of  thin  sections  of  the  coar8e-gn*ained  granite  from 
this  locality  does  not  afford  much  information  which  might  not  be 
obtained  by  a  careful  study  of  hand  epedmena  with  the  aid  of  a 
lens. 

The  black  and  bU very- white  micas  are,  however,  seen  to  bo  often 
interlaminated,  while  the  former  frequently  cnokNies  a  eonadershls 
amoimt  of  magnetite  with  oeossional  minnte  erystals  of  apatite. 

The  daA  mica  in  this  loek  is  affected  by  the  deeper  brown  spota 
previously  referred  to  ns  occnrring  in  the  micas  of  other  Cornish 
granites,  and  the  quartz  contains  the  usual  Hqiiid-cavitiw^.  A 
notable  proportion  of  the  felspar  is  triclinic,  and  the  rock  contains 
a  few  small  garnets. 

Sections  ent  fkom  ronnded  pebble-Uko  patches  firand  in  this  qnarr}% 
when  examined  under  the  microscope,  are  fonnd  to  be,  with  perhaps 
the  exception  of  scliorl,  composed  of  the  same  minerals  as  the 
enclosing  granito  ;  ])ut  the  crystals  are  much  smaller  and  the  pro- 
portion of  black  mica  is  larger.  A  largo  iK)rtion  of  the  felspar 
has  been  rendered  cloudy  by  an  opaque  product  of  alteration  j  but 
wherever  the  oystols  ha^e  retained  their  original  trsDspareDtfy  a 
prepooderanee  of  tricHnio  frispar  becomes  apparent.  An  aiteration- 
product  of  a  greemsh  shade  is  also  present. 

The  following  analvtiis  of  a  specimen  of  granite  from  (J ready 
quarry  has,  for  convenience  of  comparison,  been  placed  side  by  side 
with  one  of  a  close-grained  dark-coloured  ovoid  inclusion  from  the 
same  localit}-.  The  granite  selected  for  analysis  was  that  immediately 
smronnding  the  indusion  of  which  the  composition  is  given. 
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•    •  Granite. 

^V"**'  (SSf!.:::::: 

Silica   ^!>''»4 

Phosphoric  anhydride    traco 

Aluiuiua   17*35 

Ferric  oxide    1*04 

Feiroas  „   1*97 

ICaaganom  ozida   trace 

Lime   1*40 

Magnesia   '21 

Potassa   4-08 

Litliia   trace 

Soda    3*61 


laeloiioii. 

•18 
1-25 

6501 
traco 

17-37 
4*1)5 
1-86 
trace 
211 
1-34 
1-82 
traco 
414 


99-92  100-03 
Specific  gamty   2*72  2-73 

The  results  of  chemical  analysis  are  thus  perfectiiy  in  aooordance 

with  those  which  miirlit  have  been  anticipated  from  a  microscopic 
examination  of  tlio  two  rocks.  A  considorahle  proportion  of  the 
orthoclaso  in  the  granite  is,  in  the  inclusion,  reprcsentod  by  a  soda- 
lime  felspar,  probably  oligoclase,  while  the  marked  increase  in  the 
quantities  of  ferric  oxide  and  magnesia  in  the  latter  are  donbtless 
dbiefly  referaUe  to  an  angmentation  in  the  proportion  of  mica 
present 

The  p;ranito  of  the  Cheesewrinp:  quarries,  near  Liskoard,  is  without 
inclusions,  but  is  traversed  by  veins  of  fine-grainc^d  granite,  con- 
taiiiing  a  pinkish  biaxial  mica  (lepidolite),  iu  which  triciinic  felbpar 
is  ahnndant* 

At  CKmnislake  the  granite  does  not  contain  any  patches  pre- 
senting definite  and  distinct  ontUnes;  hat  wlu  rever  spots  occur 
they  gradually  morgc  into  the  normal  rock.  Sections  prepared 
from  these  indistinct  aggregations  are  found  to  consist  of  a  fine- 
grained granite,  in  which  tricliiiic  felspar  is  perhaps  somewhat 
more  abundant  than  in  the  snnonnding  zx>ck. 

The  only  granite  which  I  have  examined  from  the  county  of 
Devon  is  that  raised  at  the  extensive  quarries  of  Foggen  Tor,  near 
the  great  prison  of  Prince's  Town  on  Dartmoor.  Tliis  is  a  grey 
granite,  generally  without  pebblo-likc  inclusions  bounded  by 
distinct  and  well-detined  outlines.  A  few  patches  of  tine-grained 
granite,  considerably  darker  in  colour  than  the  surrounding  rock, 
were,  however,  found.  The  outlines  of  these  are  moderately 
sharp,  and,  in  one  instance,  a  patch  of  thia  description  encloses  a 
crystal  of  orthoclaso,  the  angles  of  which  are  rounded,  as  well 
as  two  distinct  crystals  of  (juartz,  similarly  modified,  fig. 2,  PL 
represents  this  spcrimcn,  natural  size. 

*  The  Rer.  S.  Haughton,  F.K.S.,  Btatcs  that  tlio  second  felspar  in  Cornish 
granitM  is  albite  (Proe.  tUsj.  Boo.  toL  xvii.  p.  2(rj).  lliere  are,  however,  pio- 
bnhly  i>Trcpti<>iis  to  this ;  and,  in  the  present  isstanoo,  tbo  rMults  of  aoalyiia 
render  the  presence  of  orthoclase  probabUi 
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When  thin  sectious  of  Fogj^on-Tor  granite  are  examined  under 
the  microscope,  they  are  all  seen  to  consist  of  orthodase,  quartz, 
dark-brown  mica,  schorl,  and  a  little  silvery-grey  mica ;  a  plagio- 
daatio  febpar  is  also  present;  bnt  no  msgnetite  was  obsinred.  It 
may,  however,  be  remarked  that  this  rock,  like  some  of  the  gianites 
in  the  neighbourhood  of  8t.  Austell,  is  occasionally  marked  by  xied* 
dish-brown  spot^,  apparently  resulting  £tom  the  oxidation  of  somo 
mineral  containing  terrous  oxide. 

A  section  of  the  hue-gramed  patch  eudosing  crystals  of  quartz 
■nd  a  rounded  oiysial  of  orthodlase,  when  ezammed  under  the 
microscope,  la  seen  to  be  composed  of  the  same  minerals  aa  the  aor* 
rounding  rock,  the  only  difference  being  in  the  dimensions  of  tiie 
component  crystals  and  the  preaence  of  a  laiger  proportion  of  nearly 
black  mica. 

This  ia,  therefore,  simply  a  nest  of  darker-coloured  granite,  and 
is  probably  a  concretionary  product,  although  it  has  been  ascer- 
tained, by  cutting  through  the  specunen,  that  the  laige  rounded 
cr^'stal  of  orthodaae  does  not  extend  beyond  the  darker  fine-grained 
patch  into  the  normal  granite.  This  granite  sometimes  contains 
largo  druses  or  "  vuprhs  "  lined  with  quartz  crj-stals,  while  it  oc- 
casionally becomes  (loconiiK»sed  into  a  soft  kaolin,  in  which  disso- 
ciated bilica  is  imlxxlded  in  the  form  of  aggregated  crystals  of  nearly 
transparent  quarto. 

The  well-known  granite  of  Shap  in  Westmoreland,  whidi  ia 
ramai^Ue  for  its  beautiful  crystals  of  pinkish-red  orttiociaae,  and 
is  extensively  wrought  for  ornamental  purposes,  encloses  numerous 
rounded  patches  of  a  darker  colour  than  the  surrounding  rock, 
which,  at  Urst  sight,  present  the  appearance  of  fine-grained  inclusions 
of  trap.  This  granite,  in  hand  specimens,  is  seen  to  ocnsiBt  of  a 
ground->maaa  of  quarts,  felspar,  and  Uack  mica,  porphyriticaUy  en- 
closing huge  crystals  of  red  orthoolase ;  but,  when  examined  under 
the  microscope,  it  is  found  to  contain,  in  addition  to  those  minerals, 
magnetite,  titanite,  a  little  apatite,  hornblende,  and  occasionally 
some  triclmic  felspar. 

The  patches  in  this  granite  are  well  defined,  and  generally  more  or 
less  rounded  in  outline,  Tarying  in  sise  from  that  of  a  pea  to  that  of  a 
wateMUfllon.  They  are  commonly  much  finer  In  grain  than  the 
surrounding  rock ;  and,  on  account  of  the  presence  of  a  larger  pro- 
portion of  black  mica,  are,  in  a  great  majority  of  ciscs,  considerably 
darker  in  colonr.  In  some  iristauccs  a  portion  of  the  mica  included 
in  these  dark  patches  would  appear  to  have  become  segregated 
fnm  the  surrounding  granite,  which,  in  tiie  immediate  neighbour- 
hood of  the  indunon,  is  oomparatiTcly  free  from  ^e  presence  of 
that  mineraL 

The  rounded  pebble-like  bodies  whirli  occur  in  this  granite  fre- 
quently enclose  crystals  of  tlie  bcautitul  red  oithoclase  characteristic 
of  the  surrounding  rock  ;  but  these  are  generally  imperfect  in  form 
and  have  their  angles  considerably  rounded. 

Fig.  3,  Fl.  L,  represents  a  sharply  defined  inclusion  in  tibe  Shap 
granite,  scale  iSror-tenths  natural  size,  which,  in  addition  to  nume- 
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rous  Bmall  patches  of  red  orthoclase,  contains  a  laxge  crystal  of 
that  mineral,  the  angles  of  which  are  rounded. 

A  large  dark-coloured  fine-grained  patch  obflerred  in  this  rook 
eontaSnii  a  miaUer  om  eonaidmbly  lighter  in  ookmr  and  pfresentmg 

Tory  distinct  outlines.  Besides  imperfeot  and  mnohrfounded  er^  staii 
of  red  and  white  felspar,  this  specimen  encloses  a  large  miikj felspar 
crystal  of  which  the  angles  are  perfectly  sharp. 

Six  sections  were  examined,  from  aa  many  rounded  entlosiires, 
from  the  Shap  quarries,  and,  without  exception,  the  ground-mass  of 
the  iHxole  of  them  was  f oiind  to  ooDtain  all  the  varions  niBerab 
eoastitoiing  the  normal  grsaite  of  the  distriei,  although  the  pro* 
portion  of  dark  mica  present  was  in  considerable  excess.  Tridinio 
felspar  appears  to  be  more  abundant  in  the  inclusions  than  in  tho 
surrounding  p:ranite,  and  a  portion  of  this  mineral  .shows  cross 
striation  in  polarized  light ;  a  few  of  the  crystals  exhibit  concentric 
lines  of  growth. 

In  exceptional  eases  tiie  patches  in  Shap  granite,  firom  the  almost 
total  shsence  of  black  mica,  are  lighter  in  colour  than  the  surround- 
ing rock;  and  occasionally  two  distinct  inclosions,  differing  both  in 

texture  and  colour,  are  found  one  within  the  other. 

In  addition  to  the  rounded  masses  already  d«  srrihod,  this  prnnite 
encloses  others  of  a  more  schistose  character,  which  are  often  softer 
than  the  rook  in  which  they  are  contained.  Sections  of  indnsions  of 
this  kind  are  seen  nnder  tiie  microscope  to  consist  either  enttrdy  of 
mica,  or  of  mica  associated  with  quartz  and  occasional  crystals  of 
felspar.  When  composed  of  mica  nlonc,  these  inflnsions  can  scarcely 
bo  regarded  otherwise  than  as  being  of  scgrcgationary  origin;  but 
where  quartz  in  considerable  quantity  is  iiJso  i)resent  a  fragment  of 
mica-schist  may  sometimes  have  become  unclosed  in  the  granite. 

The  method  of  occnnrence  of  sndi  bodies  in  Shap  granite  will  he 
understood  by  reference  to  PI.  I.  figs.  4,  5,  natural  size,  care- 
fully drawn  by  Mr.  Frank  Rutlcy.  Whether  these  bo  the  result 
of  included  flakes  of  a  Btratified  rork,  or  of  the  segregation  of  mica 
only,  it  is  evident  that  they  must  have  been  at  least  partially  con- 
Bolidated  previous  to  the  crystallization  of  the  felspar.  It  will 
he  observed  that  in  fig.  4  tiio  indusion  is  completely  divided  by 
ft  large  crystal  of  orlhodase,  while  in  fig.  6  a  crystal  of  that 
mineral  is  traversed  by  fi  agmentarj*  portions  of  a  sinular  body.  It 
is  somewhat  unfortunate  that,  as  tho  drawings  wore  made  from  a 
polisliod  pillar,  it  was  impossible  to  obtain  thin  sections  of  those 
particular  inclusions. 

t^cotch  Granites. — The  Scotch  granites  of  which  I  have  examined 
the  inclusions  are  thoso  in  the  neighbonrhood  of  Aberdeen,  Peter- 
head, and  Fort  William. 

Tho  Aberdeen  granites  arc  grey  in  colour  and  fine  in  grain,  and 
are  mainly  composed  of  quartz  and  felspar,  with  colourle-s  and  dark 
or  nearly  Ida ck  micas.  Tho  granite  of  this  district  is  regarded  by 
I'rof.  Haughton  as  being  of  metamorphic  origin*,  and  is  apiJai'cully 
almost  froo  from  rounded  or  pcbblo-liko  indusions. 

*  Proc  Boy.  Soc.  vol.  zvUi.  p.  313. 
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"When  thin  sections  are  examined  under  the  microsoope  they  are 
found  to  be  compoBed,  in  addition  to  orthodaae  and  quartz,  of  a  large 
proportkm  of  a  triclinio  felspar,  irhiflih  ProAk  Han^ton  Mid  HedcUe 
have  determined  to  be  oligodase* ;  this  granite  also  contains  a  oolonr- 
less  and  a  nearly  black  mica,  a  few  minute  garnets,  and  occasionally 
crystals  of  apatite  and  sphcnct.  A  portion  of  the  felspar  exhibits 
cross  hatching  in  polarized  light,  and  the  cjuartz  is  frequently  traversed 
by  huir-iiko  crystals,  which  are  probably  either  schorl  or  rutile. 

A  snbangplar  InehMiop.  obteined  fxtm  BabiaiUw  qiiany,  two  milei 
west  of  AbevdMo,  is  aboutSmcihee  in  kiigCh,  and  TWwmMoo  a  Mntorted 
fragment  of  mica-schist.  Sections  of  this  specimen  are  seen  to  be  oom- 
posed  of  quartz  and  felspar,  with  dark  and  colourlo?a  micas.  A  con- 
siderable proportion  of  the  felspar  is  triclinic,  and  the  cleavage-planes 
of  the  micas  are  parallel  to  the  foliation  of  the  rock.  One  or  two  small 
garnets  were  also  observed.  Other  inclusions  from  this  locality,  of 
oeaily  fiaular  meannoe^  but  of  amaller  dimenaions,  were  eoUeotod, 
and  on  examinaacm  werefomid  to  have  the  same  composition. 

At  Solattie  qnarry,  near  Buxbnm,  I  found  a  large  piece  of  ail- 
Tery  grey  schistose  rock,  weighing  several  pounds,  enclosed  in  granite. 
Its  surfaces,  which  wero  in  no  way  altered,  wero  most  completely 
united  with  the  granite,  which  was  itself  ^uite  unaltered  in  the 
immediate  proximity  of  the  endoaane;  tlie  hue  of  junetion  of  the 
two  loflika  waa  therefore  perfbetly  wdl  defined.  Thia  inoliiaioii, 
whioh  haa  the  appearance  of  a  mica-Bchist  or  a  highly  micaceous 
gneiss,  wns  found  to  bo  composed  of  quartz,  felspar,  and  white  and 
dark  micas.  Many  of  the  crystals  of  felspar  evidently  belong  to  a 
triclinic  species,  whilo  others  exhibit  cross  striation  when  ex- 
amined iu  polarized  light.  A  few  crystals  of  apatite  were  observed 
in  aeotions  prepared  from  thia  indneion. 

Another  inclusion  found  in  the  granite  of  Sclattic  has  nearly  the 
following  dimensions— length  9  inchee,  width  7  inches,  and  thick- 
ness 3  inches.  This  specimen,  which  is  exceedingly  hard,  is  of  a 
darker  colour  than  the  enclosing  rock,  niul  exhibits  angles  which 
are  but  slightly  rounded.  It  is  distinctly  stratified  by  alternate 
bands  of  nearly  eoloiurless  quartz  and  of  some  darker  material,  and 
the  -whoikb  of  ita  exterior  ia  ao  covered  by  a  layer  of  black  mica  aa  to 
reii  l^'r  its  separation  from  the  surrounding  granite  an  eai^  operation. 
Under  the  microscope  this  is  seen  to  consist,  to  a  lai^  extent,  of 
granular  quartz,  of  which  the  cnitlines  Bometiraes  appear  slightly 
rounded.  With  this  quartz  aro  mixed  a  few  fragmentar}*  crystals 
of  fel6|)ar,  of  which  some  belong  to  a  triclinic  species,  whilst 
otheia  ahow  oroaa  atriation  when  examined  in  polarized  light.  Thia 
apeeimen  containa  a  conaiderable  amount  of  brown  or  black  mica ; 
bnt  white  micaia  alao  preaent,  although  in  a  leaa  pmiportion.  The 
quartz  and  mica  occur  in  more  or  less  distinct  layers  ;  and  tho  Idack 
and  colourless  micas  aro  much  intcrfoliated,  their  lamina)  being 
£re<iucntly  enclosed  in  quartz. 

*  Kaii^hton,  Vroc.  Hoy.  Soo.  Tol.  zriii.  p*  313 ;  Heddle,  Tnuu.  Boy.  Boa 
Edinb.  Tol.  xxriii.  p.  265,  note, 
t  One  veiy  ndnoto  eijital  only  of  spbane  was  obMrred  in  the  Nctions 
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The  inclusions  found  in  the  grey  granite  at  Dyco  quarry,  six 
miles  nortli-west  of  the  city  of  Aberdeen,  are,  for  the  most  part, 
foliated  sabangular  maeace  of  a  dark  Uiush-grey  colour,  not  unlike 
the  fint  of  t£o80  deacoibed  as  luning  been  obtained  at  Sdattle. 
They  are  all  distinctly  foliated,  and.  on  aeotions  being  examined, 
are  seen  to  bo  composed  of  quartz,  felspar,  aud  the  usual  dark-  and 
light-coloured  micas ;  these  inclusions  also  contain  a  few  minute 
garnets,  and  a  little  magnetite,  together  with  occasional  needle- 
like  or}  stuls  of  apatite.  Some  of  the  bands  of  Uiia  endoaed  rock 
are  almoat  entirely  composed  of  the  two  deeoriptiona  of  mioa,  while 
otheia  decidedly  leaeinblc  gneiss  in  their  constitution. 

One  of  the  most  remarkahlo  specimens  from  this  quarry  was  in  the 
form  of  a  lenticular  mass  weighing  consideralilyover  a  hundredweight, 
and  so  covered  externally  by  a  thin  layer  of  mica  that  it  readily  sc  pa- 
rated  from  the  enclosing  rock.  On  being  broken  it  was  found  to 
oonaiat  of  a  granite  poaaeaaing  the  aame  charaoteriatioa  aa  that  amnd 
it,  but  at  leaat  one  half  finer  in  texture.  Seetions  were  prepared 
firom  the  fragmenta,  and  were  found  to  be  compo<iod  of  the  same 
materials  as  the  enclosing  rock,  with  the  addition  of  a  little 
magnetite,  the  presence  of  which  was  not  observed  in  the  latter, 
Triclinic  felspar  (oligoclase)  was  also  mure  than  usually  abundant. 

At  Keninay,  three  milea  weat  of  the  railway-atation  atKintore,  a 
quarry  ia  eztenalYely  worked  on  a  granite  of  the  aame  general  cha- 
racter  aa  that  wrought  nearer  the  city  of  Aberdeen.  In  thia  loeality 
inclusions  are  extremely  rare ;  but  one  of  the  specimetis  there  ob- 
tained is  of  great  interest  as  affording  evidence  that  some  of  the  dark 
patclies  in  granites,  which  at  tirst  sight  closely  resemble  enclosures 
of  a  schistose  rock,  may  in  reality  be  the  result  of  segregation. 

Fig.  6,  PI.  I.,  repreaenta  the  specimen  referred  to,  one  half  natural 
aiie. 

Sections  of  the  dark  material  forming  the  inclusion  in  this  rock  are, 
when  examined  under  the  microscope,  found  to  be  composed  entirely 
of  black  and  colourless  micas  with  their  planes  of  cleavage  ail  lying 
approximately  in  the  same  direction. 

The  granite  in  this  quarry  ia  traToraed  by  a  dyke  of  yery  fine- 
grained black  mica-trap,  which  has  aometunea  a  thiokneaa  of  aeveral 
feet,  but  sends  off  various  branches,  some  of  which  are  not  much 
thicker  than  cardboard.  This  trap  is  so  firmly  soldered  to  the  en- 
closing granite  that  Ijlocks  of  whicli  one  portion  is  granite  and  the 
other  trap  do  not,  when  struck,  show  a  greater  tendency  to  divide 
along  the  junction  than  in  any  other  direction.  When  cut  perpen- 
dicularly to  the  plane  of  junction,  the  granite  and  trap  are  seen  to 
be  joined  along  a  line  as  distinct  as  when  t  wo  pieces  of  differently 
coloured  wood  are  ]>l;iiird  to  a  joint,  glued  together,  and  subse- 
quently polished.  Some  snuill  fragments  of  granite  which  have  be- 
come enclosed  in  this  trap  are  not  in  the  shghtest  degree  altered,  and 
their  edges  are  aa  sharp  aawhoi  first  separated  from  the  parent  rock. 

Under  the  mioroscope  thia  trap  ia  found  to  consist  of  a  oiyatalline 
felspathic  gronnd-maaa  in  which  small  flakes  of  dark  mica  and  di- 
atinet  cryatals  of  felapar  are  porphyritically  enclosed.   The  ciyatala 
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cf  ftlspar  nmially  ahow  twinniiig ;  but  fhe  lugest  of  thom  do  nofe 
ozoeed  *2  mOlim.  Id  longtfa,  irhile  the  flakes  of  mios  seldom  exceed 
•15  millim.  in  diameter,   fjo.  addition  to  felspar  aod  ndoa  this  rook 

contains  a  few  minute  grains  of  map^netitc. 

The  granit<?8  in  the  neighbourhood  of  rctorhead  differ  from  those 
in  the  vicinity  of  Aberdeen  in  their  dominant  felspar  being  of  a 
pinkish-red  hue,  instead  of  colourless  or  greyish- vhite,  as  in  the  last- 
nsmed  locality.  These  granites  aie  leguded  by  Professor  Hangliton 
as  being  of  eruptive  origin,  and  their  second  felspar  is  albite*. 

Under  the  microscope  thin  sections  of  the  granite  from  this 
district  are  seen  to  consist  of  quartz,  orthoclase,  a  subordinate  amount 
of  a  triclinic  felspar,  black  or  very  dark-brown  mica,  a  few  needle- 
like  crystals  of  apatite,  and  occasional  crvstalliue  patches  of  titanite. 
In  addition  to  these  minersla,  Termioalar  chlorite  ooonzs  in  tiie 
granite  of  Black  Hills,  where  tiie  quarts  also  oooaaionaUy  endoaea 
filamentary  crystals,  which  are  perhaps  rutilo. 

The  principal  quarries  worked  in  the  district  are  situated  at 
Stirling  Hill  and  Bla^k  Hills,  a  few  miles  south  of  the  town  of 
Peterhead.  In  both  these  localities  the  inclusions  almost  invariably 
assume  an  ovoid  form,  and  nsnally  vary  in  dimensions  from  the  siEe 
of  a  nnt  to  that  of  a  large  apple ;  considerably  larger  ones  are,  how« 
ever,  sometimes  met  with.  They  are  in  nearly  aU  oases  darker  in 
colour  and  much  finer  in  texture  than  the  enclosing  rock;  their  out- 
lines arc  sharply  defined,  and  they  frequently  enclose,  porphyriti- 
cally,  rounded  crystals  of  pinkish-red  orthoclase. 

Seven  different  sections  were  prepared  of  as  many  ovoid  inclusions 
from  this  district^  and  in  every  instance  they  weie  found  to  consist 
of  an  exceedingly  fine-grained  granite  containing  all  the  various 
minerals  ])resent  in  the  enclosing  rock.  The  proportions  of  mica 
and  of  triclinic  felspar  are,  however,  greater  than  in  the  normal 
granite,  and  the  amount  of  quartz  Ls  Bomewhat  less. 

This  agrees  with  the  results  obtained  by  analyses  of  the  average 
granite  and  of  the  dark-coloursd  rounded  endosurea : — 

Gmnits.  Indanon. 

\\  ater  /*»y«rometrio   '21  -19 

\  combined   -40  -76 

l>ilica    73-70  64-39 

Alumina    14-44  16-99 

rhosphoric  anhydride   trace  trace 

Titanic  „    distinot  traoea    distinct  traces 

Perrio  oxide    •iS  1-47 

Ferrous  „    1*49  5-98 

Manganoua  oxide   trace  trace 

Lime   1*08  2-57 

^lagnesia   trace  1*G7 

Potassa   4-43  2*46 

Soda   4*21  4-96 

100*39  100*44 
Speoifie  gravity    2*69  2*73 

*  Pkossidtags  off  dis  Boytl  Bodsiy,  voL  iriii.  p.  313i. 
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On  comparing  the  foregoiug  analyses  with  those  made  of  corre- 
iponding  Ck^rnish  specimens  (p.  8)  it  inll  be  olMerved  thai  the 
proportion  of  ferrous  oxide  as  oomparod  with  ferric  oxide  is  laiiger 
in  the  latter  than  in  the  former  case.    This,  perhaps,  in  aoniO 

measure  arises  from  the  black  mica  in  the  Peterhead  granites  being 
llaughtonitc,  a  highly  t'erriiLriMous  mineral,  in  ^vhich  the  iron  is 
mainly  in  the  state  of  protoxide,  and  which  Trofessor  JLLcddle  has 
BhowD  to  be  present  in  many  of  the  Sootch  granites. 

The  only  exception  to  the  rounded  form  ot  indnsion  observed  in 
tiiis  district  was  found  in  a  quarry  at  Black  HiUs,  and  is  rqixe* 
ientcd  two  thirds  naturnl  size  in  fig.  7,  Pi.  I. 

Under  the  microscope  this  s])ecimen  is  seen  to  be  composed  of  a 
mixture  ui'  dark  brown  or  bl.'n  k  mica  with  *?rauul;ir  (juartz  and 
an  occasional  crystal  of  felspar,  the  lamiaju  of  the  mica  being  so 
arranged  as  to  produce  foliation.  A  small  quantity  of  magnetite  or 
ilmenite  is  also  present.  In  all  rocks  in  which  the  mica  in  band- 
specimen  b  appears  black,  its  colour  in  thin  sections  Yanes  £r(nn  brown 
to  gre}'ish  brown. 

Near  the  lighthouse  at  Ihichan  Ness  this  granite  is  traversed  by  a 
largo  dyke  of  micaceous  felsite,  which,  in  places,  becomes  porphyritic 
by  enclosing  crystals  of  quartz  and  oxthoclase. 

The  granite  of  the  Ardshiel  quarries  situated  atBallaohulish,  about 
ten  miles  south-east  of  Fort  William,  consists  essentially  of  a  fine- 
grained mixture  of  quartz,  nearly  colourless  felspar,  and  dark  mica, 
verv  closely  resembling  in  general  character  the  granites  of  tho 
Muurne  Mountains  in  Ireland.  Under  the  microscope  this  rock  is 
found,  in  addition  to  the  minerals  above  enumerated,  to  contain 
bomUende,  magnetite,  ephene,  and  apatite ;  it  is  farther  obseryed 
that  both  orthodiaso  and  a  trioUnic  felspar  are  present. 

This  granite  contains  numerons  inclusions  which  are  often  darker 
in  colour  tlian  tlio  enclosing  rock,  and  frc<iuently  angular  or  sub- 
angnlar  in  form.  Some  of  these  have  evidently  the  same  general 
constitution  as  the  enclosing  granite,  while  others  arc  manifestly 
enclosed  fragments  of  foUated  rocks.  Ten  thin  sections  of  as  many 
difiiBrent  inclusions  from  this  locality  were  examined  under  nHd 
microscope  with  the  following  results  : — 

The  non-foliated  crystalline  inclusions,  some  of  which  exhibit 
sharply  defined  angular  outlines,  wore,  without  exception,  fine- 
grained granites  prc'ciscdy  rcsembUng  the  enclosing  rock  in  all 
respects,  except  in  being  liner  in  grain,  in  dark  mica  and  hornblende 
being  more  abundant,  and  perhaps  also  in  a  somewhat  larger  pro- 
portion of  tridinic  felspar  beuig  psesent. 

The  enclosures  exhibiting  a  decidedly  schistose  structure  vary 
considerably  in  composition,  and  have  obviously  been  derived  from 
rocks  differing  both  from  one  another  and  from  the  fiunounding 
granite. 

Such  specimens  arc  sometimes  composed  of  granular  quartz,  a  few 
fragmentary'  crystals  of  felspar,  greenish-brown  or  neariy  black  mioai 
a  little  hornblende,  occasional  small  garnets,  and  a  littis  magnetite. 
In  other  cases  hombleade  and  mica  constitute  a  considerabie  pio> 
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porlioii  of  fhe  voek,  and  fheso  ate  avociated  wiili  granular  qnartc 
and  fngmenia  of  Iblspar ;  beaides  whioli  tliflre  are  often  traces  of  an 
fimorphoua  felsitic  prround-mass.  Less  frequently  hornblende  and 
mica  decidedly  predominate — quartz,  a  small  quantity  of  felspar, 
garnets,  and  a  little  ])yrites  beinj?  also  present.  The  hornblende 
and  mica  in  such  rucks  generally  euclosc  numerous  granules  of 
transparent  quarts. 

A  fine-grained  inclusion  from  this  locality  of  over  a  foot  in  length 
is  composed  of  contorted  bands  varying  in  colour  from  light  grey 
to  dark  prrecn.  Under  the  microscope  it  is  seen  to  consist  largely  of 
a  mixture  of  colourless  and  dark  iniea  and  hornblende,  with  a  few 
small  gurnets  and  a  mineral  which  is  probably  sah lite,  the  shade 
of  the  several  lamian  Tarjing  with  Uie  relative  proportions  of 
the  diffisrent  minerals  present  in  eaoh.  This  rook  does  not  contain 
much  free  quarts ;  hot  a  few  small  crystals  of  orthoclase  and  of  a 
tricliuic  felspar,  as  well  as  a  small  amount  of  a  f^tio  gnmnd-mass, 
are  provsent. 

The  analysis  of  an  average  .specimen  of  this  inclusion  afforded  tlie 
follow  lug  results  (sp.  gr.  =  2'y3)  : — 


•70 
62-43 
trace 
12-76 
1-34 
4-54 
trace 
14-lG 
9*75 
1-09 
2*94 


99-71 

In  many  granites  inclusions  occasionally  take  the  form  of  more  or 
less  perfect  crystals  of  felspar;  and  such  specimens  can  only  be  re- 
garded as  being  an  extreme  development  of  the  enclosure  of  (juartz 
and  mica  in  crystals  of  that  mineral.  This  inclusion  of  other 
minvals  in  felspar  is  a  phenomenon  well  known  to  microscopical 
pefarokgists. 

A  good  example  of  a  pseudomorphic  indusion  of  this  kind  was 
brought  by  Mr.Sfcrrifield  from  Glen  Nevis,  and  on  thin  sections  being 
examined  under  the  microscope  the  granite  and  its  included  pseudo- 
morph  are  found  to  consist  of  the  srmio  minerals  in  nearly  similar 
proportions,  except  that  dark  mica  is  somewhat  more  plentiful  in 
the  latter  than  in  the  fbimer.  The  minerals  present,  in  hoth  instances, 
are  orthodsae,  a  tridinio  felspar,  dark  greenish  mica,  homblende, 
•phcne,  magnetite,  and  apatite. 

Irish  Granites. — The  only  Irish  granites  which  I  have  examined 
are  those  of  the  north-eastern  portion  of  the  island ;  some  of  these 

J' 


Silica  

Phosphoric  anhydride 

Alumina   

Ferric  oxide  

Ferrous   

Manganous  oxido  . . . . 
Lime  


Potassa 
Soda 


Digitized  by  Google 


16 


J.  A.  PHILLIPS  ON  COVCREXIONABI  PATCEB8  ASD 


are  remarkable  for  the  number  and  wiety  of  the  dark-coloured 
inclusions  they  confain,  and  they  coneeyieiitly  afibrd  unuwial  faoUitiee 
for  the  study  of  euch  bodies. 

The  ^Sewry  granite  is  essentially  composed  of  quartz,  orthoclase, 
and  black  mica,  and  is  usually  made  up  of  small  and  somewhat  im- 
perfeot  crystalline  graina.  It  la,  however,  sometimes  ooaiser  in 
texture,  and  occasionally  becomes  porphyritic  by  endosing  fragments 
of  felspar  imbedded  in  a  fine-grained  ground-mass  of  a  kloishrgrey 
colour. 

Near  the  CJoragh-"Wood  rnilway-station  granite  is  exposed  for  a 
length  of  over  400  yards  and  to  a  maximum  height  of  above  20 
yards.  The  rock  is  here  principally  of  tiie  description  locally  known 
as  '*  white  granite  bnt  dose  to  the  station  it  becomes  porphyritic 
for  a  width  of  ahont  35  yards,  and  this  blue  granite"  is  extensively 
quarried  for  omamontnl  purposes.  It  exhibita  some  slight  indica- 
tions of  filiation,  and  its  colour  is  due  to  the  presence  of  numerous 
minute  scales  of  black  mien  disseminated  through  the  mass  ;  the 
imperfbet  crystals  of  felspar,  porphyritically  enclosed,  rarely  exceed 
the  dimensions  of  a  small  benn. 

Immediately  opposite  the  railway-platform  the  porphyritic  granite 
terminates  abniptly  against  beds  of  a  fine-grained  schist  nso  rock, 
tilted  at  a  high  angk^ :  this  rock,  which  is  above  00  feet  in  width, 
separates  the  blue  granite  from  the  ordinar}'  white  variety. 

The  granites  of  Newry,  or  Sliove  Croob,  arc  regarded  b)  Trof. 
Hull  *  as  being  of  metamorphic  origin ;  and  Mr.  F.  W.  Kgan,  anther 
of  the  memoir  explanator}-  of  tlie  geological  map  of  this  portion  of 
Ireland,  believes  them  to  be  derived  from  Silurian  rocks  by  transition 
through  mica-schist  and  gneiss  f.  Mr.  Kinahan,  on  the  other  hand, 
classes  them  with  erui)tive  granites  and  descrihes  the  blue  granite 
of  Goragh  Wood  as  an  clvau  which  has  come  up  through  the  JNuwry 
granite  and  must  consequently  be  of  more  recent  date:(. 

Examined  under  the  microscope  this  granite  is  seen  to  be 
composed  of  quartz,  orthoclase,  a  felspar  exhibiting  cross  stria- 
tion,  a  very  few  small  cristnls  of  a  distinctly  triclinic  felspar,  a 
dark  or  black  mica,  green  hornblende,  sphene,  a  few  needles  of 
apatite,  with  occat>ioually  magnetite,  pyrites,  and  perhaps  a  little 
rutile.  A  specimen  of  tiie  schistose  rodL  taken  near  the  centre  of 
the  band  against  which  the  blue  granite  abuta,  and  consequently 
about  30  feet  distant  from  the  granite*  on  either  side,  was  found  to 
be  a  fine-grained  mica-schist.  Tt  is  comi^scxl  of  finely  granular 
quarts^,  occasional  fragments  of  fels])ar,  numerous  minute  nearly 
colouriebs  garnets,  small  Hakes  of  mica,  usually  of  a  dark  colour, 
a  little  green  honiblende,  and  a  few  spots  of  magnetite  aud 
pyrites. 

A  specimen  of  the  same  schistose  rock  obtained  from  its  immediate 
junction  with  the  blue  granite  is  rather  coarser  in  texture  and  is 

•  Building  and  Ornamental  Stonm  of  Great  Britain  Ae.,  p.  45,  note, 
t  Explanatory  Memoir  to  aoeompaay  daeei  50  of  the  soaps  of  the  Gkologiosl 
Survey  of  Ireland,  p.  12. 
t  'Ctodlogy  of  Inkad,'  pp.  209,210. 
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daiker  in  ooloar  than  lliat  at  a  greater  distanoe  from  it,  Imt  does 
not  oUiervriae  differ,  excepting  that  fragments  of  fdflnar  are  some- 
what more  numerous,  and  that  the  mica  has  beoome  almost  entirely 

JPeplaced  by  green  hornblende. 

ISomo  of  the  iiiclusions  found  in  this  locality  arc  unquestionably 
fragments  of  a  rock  of  the  character  of  that  exposed  in  tho  cutting 
opposite  the  railway-station.  These,  when  of  moderate  dimensions, 
are  generally  ahnost  Uaek;  and  whrai  thin  sections  of  them  are  ex* 
amined  nnder  the  microsoope  they  are  found  to  consist  of  granular 
quartz  with  a  few  fragments  of  felspar,  dark  mica,  green  hornblende, 
often  some  minut<)  garnets,  crystalline  patches  of  aphene,  and  occa- 
sionally a  littlo  pyrites. 

When  included  fragments  of  this  quartzose  rock  are  of  large  size 
they,  in  the  majority  of  cases,  do  not  undergo  alteration  throughout, 
bat  are  daikened  hy  the  presence  of  a  disseminated  material  of  a 
nearly  black  colour  to  a  depth  of  about  an  inch  only.  In  such  cases 
the  junction  of  the  inclusion  with  the  surrounding  granite  is  perfectly 
defined,  and  the  union  of  the  two  rooks  is  complete  ;  but  the  disse- 
minated dark  tlakes  gradually  become  less  plentiful,  and  towards  the 
centre  of  the  mass  almost  entirely  disappear. 

On  examining  thin  sections  of  the  intetior  or  central  portions 
of  snch  inchisions  they  are  found  to  be  composed  of  a  rock  contain- 
ing granular  qnarti,  some  fel8par,namerous  nearly  colourless  garnets, 
a  littlo  dark  mica,  a  few  flakes  of  hombleade,  and  occasionally  specks 
of  pyrites. 

The  exterior  or  altered  portions  are  found  to  contain  the  same 
granular  quartz  mixed  with  a  few  fragments  of  felspar,  much  green 
homUeDde  por{)hyriticaUy  enclosing  grains  of  quarts,  some  dark 
mica,  a  few  small  garnets,  an  occasional  small  crystal  of  sphene, 
and  sometimes  a  little  iron  pyrites  or  magnetite. 

The  following  analyses  show  the  composition  of  the  unaltered  and 
altered  rocks  respectively : — 

XTimlteTed  rock.      Altered  rocL 
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In  addition  to  inohiBums  obriously  derived  from  nd  jacont  rocks, 
there  are  smaller  ones  of  a  somewhat  similar  dark  shade,  of  -which 
the  origin  is  not  so  immediately  apparent.  "When  sections  of  these 
are  examined  under  the  microscope,  they  are  found  to  be  composed 
of  granular  quartz  with  a  subordinate  amount  of  felspar  and  a 
oonmderable  proportion  o£  dark  mioa;  -with  these  axe  associated 
eiystalline  patches  of  green  hornblende  porphyritically  enolosiDg 
twinned  orystals  of  felspar,  occasional  small  garnets,  and,  exception* 
ally,  minute  crs  stnls  of  spheno. 

Besides  included  fra^ients  of  extraneous  rocl^,  the  Gorafjli-Wood 
granite  encloses  Iwdies  which  are  apparently  of  concretionary  origin. 
These  comprehend  all  the  constituent  minerals  of  ihe  snrronnding 
zodk,  altiuMic^  not  quite  in  the  same  proportions  as  in  tihe  normal 
granite,  since  they  are  sometimes  of  lighter  coloor,  from  the  com- 
parative absence  of  black  mica,  while  in  other  cases  they  exhibit  a 
dark  shade  in  consoqnonc'  of  tlio  greater  nbimdancc  of  tliat  )n  in  oral. 

Fig.  8,  PI. I.,  represents  a  concretionary  enclosure  in  the  (iorai^h- 
Wood  granite,  ono  half  natural  size.  Thin  sections  of  this  speci- 
men are  found  to  be  composed  of  qnartz,  orthoclase,  tridinio 
felspar,  black  mica,  sphene,  a  few  needles  of  apatite,  and  some 
imperfect  crystals  of  magnetite  or  ilmenito.  In  these  spotted  con- 
cretions the  sphene  is  usually  enclosed  in  whit  e  patches  consisting  of 
a  mixture  of  felspar  and  quartz  ;  and  sometimes  assumes  the  form  of 
crystalline  aggregations  poqihyritically  enclosing  either  twinned 
crystals  of  felspar  or  irregular  grains  of  magnetite.  In  coarse-grained 
granites  ooncntionaiy  indnsionB  sometinus  affect  tilio  foim  St  more 
or  less  imperfect  crystals  of  fblspar. 

The  po^yritio  granite  near  Bessbrook,  which  has  been  opened 
out  by  extensive  quarries,  closely  resembles  that  at  Goragh  Wood, 
and  appears  to  be  nearly  free  from  inclusions  of  every  description. 

At  Moor  Quarry,  1|  mile  south  of  Newr}',  the  granite  does 
nut  materially  differ  from  that  at  Goragh  Wood,  except  that,  besides 
eochibiting  less  trace  of  foliation,  it  is  somewhat  lighter  in  colonr  and 
rather  coarser  in  texture ;  nnder  the  microscope  it  is  seen  to  have 
an  essentially  similar  composition. 

Similar  inclusions  to  those  found  at  Oorap^h  Wood  are  of  frequent 
occurrence  in  this  granite ;  but  those  v.  hich  appear  to  bo  of  concre- 
tionary origin  are  relatively  more  numerous  than  in  that  locality. 

All  who  have  carefully  examined  the  Mourue  granite  appeax  to 
agree  iviihi  regard  to  its  emptive  origin.  Professor  Hnll  farther 
regards  it  as  lumng  been  intnided  among  the  stratified  rocks  in  a 
sta.te  bordering  on  solidity,  and  with  a  temperature  only  sufficient 
to  indurate,  but  not  to  metamorphose,  the  Silnrian  rocks  by  which  it 
is  surrounded  *. 

Ono  of  the  most  convenient  localities  from  which  unwcathered 
specimens  of  this  granite  and  its  inclusions  can  be  obtained  is 
Ballymagreehan  near  Casilcwellan,  whence  were  procored  the  hlodcs 
whidi  now  form  the  haso  of  the  Albert  Memorial  in  Hyde  Park. 
This  qnarr}'  is  no  longer  worked,  but  the  rock,  which  is  of  a  brownish- 
*  Bnildhig  sod  OiDameatal  Stooes  of  Gxeat  Britiin,  p.  44. 
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grey  ooloor,  is  finely  gnumlar  and  eontains  numerous  dark  in* 
eloaioiis. 

When  iihm  sections  of  tluB  rock  are  examined  nnder  ilie  micro* 

scope  they  are  found  to  be  composed  of  quartz,  orthoclase,  a  triclinio 
felspar,  which  Prof.  Haughton  has  determined  to  be  albite*,  a  dark 
greenish  mica,  green  hornblende,  some  needles  of  ajmtite,  a  little 
sphene,  and  occasionally  magnetite  or  pyrites.  The  quartz  of  thia 
gnnite  is  often  trayersed  by  minute  hair-like  crystals,  which  are 
periiapa  rutile;  and  the  honiUende  and  mica  axe  so  mixed  as  almost 
to  suggest  the  possitnHty  of  one  being  sometunes  an  alteration- 
product  of  the  other. 

The  inclusions  in  this  rock  are,  as  is  usually  the  case  in  granites, 
of  two  kin Jk.  The  first  vMriety  is  commonly  more  or  less  ovoid  in 
form,  is  finer  in  grain  than  the  surrounding  granite,  considerably 
dariker  in  oolonr,  and  sometimes  encloses  crystals  of  orfchodase  of 
oonsideraUe  siie.  Snoii  bodies  eontaan  all  the  eonstitoents  el  the 
enclosing  rock  and,  with  the  exception  that  dark  mica  is  in  con- 
siderable excess,  they  are  present  in  nearly  the  same  pvoportions. 

Those  belonging  to  the  second  category  are  angular  or  subangular 
in  form,  very  dark  in  colour,  and  often  exhibit  a  distinctly  foliated 
stnicture.  These  are  composed  of  granular  quartz,  blat  k  and  greenish- 
Uaok  micas,  green  hornblende,  a  few  imperfect  crystals  of  fekpar, 
speeks  of  mapMtite,  with  pyrites,  and  oeoasioiiaUy  a  little  apatite. 
A  £bw  minvte  orystalA  are  also  sometimes  present  w  a  mineral  whidi 
mqr  perhaps  be  epidote. 

Omerttl  (kndumni* 

The  inclusions  contained  in  granites  are  of  two  distinct  kinds. 
Those  of  the  first  class  are  the  result  of  an  abnormal  arrangement  of 
the  minerals  constituting  the  granite  itself ;  while  those  belonging  to 
the  second  represent  fragments  of  other  rocks  enclosed  within  its 
mass* 

Indlnsions  of  the  first  class  are  frequently,  bnt  not  always,  more 
or  less  oYoid  infimn,  and  arc,  cssontiJly,  oomposedof  a  fine-grained 

variety  of  the  granite  in  which  they  occur ;  the  proportion  of  tri- 
clinio felspar  present  in  such  granitic  inclusione  is  often  greater  than 
in  the  rock  which  encloses  them. 

They  are  sometimes  porphyritio  in  structure,  and  contain  crystals 
of  ihe  eharaoteristio  felspar  of  the  enekwing  ro6k.  Thus,  whm  the 
ftlspar  of  the  sunoonding  granite  is  either  red  or  pink  in  odour, 
that  which  is  poxphyriticfldly  distributed  in  the  inclusion  will,  as  a 
rule,  be  correspondingly  red  or  pink ;  whereas  if  whito  felspar  ho  a 
characteristic  of  the  ordinary  granite,  the  porphyritic  crystals  of  the 
inclusions  will  be  likewise  white. 

The  angles  of  felspar  orj'stals  so  contained  in  inclusions  are 
frequently  much  rounded,  and  the  presence  of  a  large  proportion  of 

»  Qnart  /oura.  OeoL  Sooi  toL  siL  p.  169. 
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mloa  or  dark  hornblende  in  such  bodies  often  caosee  tbem  to  be  of 
a  deeper  ooloiir  than  the  lurroonding  xoek*. 

In  addition  to  their  general  similarity  in  mineral  ooaatitation  to 
the  adjoining  granite,  further  evidence  of  the  concretionary  origin 
of  such  inchisions  is  atiorded  by  the  fact  that  a  second  similar 
nodule,  differing:  from  the  hrBt  iu  colour  or  in  tineness  of  grain  only, 
is  occasionally  found  within  them. 

Ciyskdliae  gianitio  Jnoliiiimia  not  imfireqnartly  aaBome  the  f om 
of  impeifeetly  defined  eEystalB  of  felspar;  these  may  be  rogaided  as 
an  extreme  development  of  the  well-faioim  phanomeiion  of  the 
enclosure  of  quartz  and  mica  in  felspar. 

Another  form  of  inclusion,  giving  rise  to  the  production  of  a  dark 
fissile  patch  in  granite,  roBuha  from  a  segregation  of  mica  from  the 
surrouuding  rock.  An  example  of  thi^^  kind  of  inclusion  is  seen  in 
the  granite  from  Eemnay,  Scotland,  fig.  6,  PI.  1.,  where  it  will 
he  obeerved  that  in  the  immediate  vicinity  of  the  endosore  the  rock 
becomes  comparatively  hw  from  mica. 

The  formation  of  rounded  inclusions  in  granite  is  believed  to  have 
been  usually  contemporaneous  with  the  soliditication  of  the  general 
rock-ma,ss,  and  to  be  duo  to  forces  of  the  same  nature  as  those 
which  have  resulted  in  the  production  of  nodules  in  the  well-known 
Napoleonite  or  orbioolar  diorite  of  Corsica.  It  is,  however,  probable 
that  inclusions  having  a  similar  form  may  have  been  sometimes 
produoed  by  the  enclosure  of  pebbles  of  extraneous  rocks. 

In  a  few  instances  only  have  well-defined  angular  inclusions  of  a 
fine-grained  granite  hvcn  observed  in  granites  of  a  coarser  descrip- 
tion ;  in  some  cases  these  may  be  enclosed  fragments  of  an  older 
granite,  but  in  all  tiie  specimens  which  have  been  examined,  sach 
indnsions  have  invariably  exhibited  the  distinctive  oharaeteristioB 
of  the  enclosing  rock. 

Inclusions  belonging  to  the  second  class  are  often  schistose  in 
structure  and  arc  usually  irregular  in  outline,  being  sometimes 
traversed  by  veins  of  (|uartz,  or  divided  by  strings  of  granite,  which 
appear  to  have  filled  spaces  caused  by  tlio  lioutiug  apart  of  slaty 
frf^ents  in  a  granitic  magma. 

In  many  instances  they  are  not  materially  altered,  and  in  a 
minority  of  cases  inclusions  belonging  to  this  class  are  easily  re- 
cognized as  being  fragments  of  either  gneiss,  mica-schist,  hornblende- 
schist,  or  garnet-schist ;  comparatively  few  s])e(  inu-ns  only  have 
been  met  with  so  modified  as  to  render  their  derivation  difiicult  to 
determine. 

Slaty  inclusions  are,  as  a  role,  either  highly  micaceous  or  hi^y 

homblendic;  and  an  examination  of  the  schistose  rock  in  contad: 
with  the  granite  at  Goragh  Wood,  and  of  partially  altered  inclusions 
from  the  same  locality,  sbows  that  iu  that  case  the  production  of 
those  minerals  is  a  result  of  granitic  contact  t.    It  will  be  observed, 

*  When  Motions  made  through  bolh  a  pebble-like  inclusion  and  Ihe  en- 
olonng  mnite  are  examined  along  their  line  <^  eontact,  minute  orystals  ars 
Observpd  to  extend  fnm  f]io  former  into  the  latter. 

t  Mr.  S.  AUport  has  observed  that  in  many  cases  slates  in  the  immediate 
vidnify  of  the  Land's-Bnd  mass  of  gnoiite  haTS  become  idiorlaMQiis  (Quart. 
Joorn.  GeoL  Boo.  joL  zzm.  p.  406). 
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on  referring  to  the  analyses  p.  17,  that  tiie  chief  diemiml  changes 
■which  have  taken  place  in  the  rock  are  an  increase  in  the  proportions 
of  silica,  iron  oxides,  magnfi8ia»  and  potash,  while  there  ia  a  decrease 
in  the  quantity  of  lime. 

IneliMloiis  dittinetlj  belonging  to  the  two  different  dassee  not  only 
ooenr  in  the  same  granitee,  but  good  ezamplee  of  both  deecriptiono 
iBBj  be  eometimes  found  in  the  same  cubic  foot  of  rock. 

When  schistose  inclusions  are  found  in  ordinary  eruptive  granites, 
they  can  only  be  regarded  as  fragments  of  extraneous  rock  which 
have  been  caught  up  by  the  granite  and  enclosed  within  its  mass, 
in  the  case  of  granites  which  may,  on  the  contrary,  be  suppc^aed  to 
be  of  metamoi^iio  origin,  they  will  donbfleoB  be  looked  npon  hf 
thoee  entertaimng  that  opinion  as  portions  of  older  rocks  whidk 
have,  to  a  great  extent,  irithstood  the  aotaon  of  graaitie  mefcamor- 
phism. 

The  foregoing  conclusions  have  been  arrived  at  after  an  examina- 
tion of  only  a  limited  number  of  rocks,  but  are  probably  capable  of 
more  eztensivo  application. 

EXPLANATION  OJT  PLATE  L 

FSg.  1.  Ovoid  inclusion  from  Gready  quarry,  Liixulynn,  Cornwall,  one  half 
natural  axe.  A  fine-grained  granite  oontainuig  a  large  proportion  of 
darkmiQaip.  7. 

2.  Inclusion  in  granite  from  Foggen  Tor,  Dartmoor,  natural  aa^t  POI^ 
phyritioallT  enclosing  granular  quarts  and  a  large  crystal  of  orthooUM^ 
of  wfaiflh  toe  anglee  am  rounded :  p.  & 

3.  Of  oid  granitic  inclusion  in  granite  m>m  Shap,  WeikmoielaQd,  endofling 

a  rounded  cr}'8tal  of  red  orthocla«e,  four  tenths  natural  size :  p.  9. 

4.  Inclusion  in  Shap  granite,  natural  size,  divided  by  a  crystal  of  red 

orthoclase :  p.  1U> 

&  A  similar  inr'!ii<<ion,  natural  size,  in  the  <iamo  block  of  granite^  pmnillig 

iu  a  broken  line  through  a  crystal  of  orthoclase :  p.  10. 
6b  Sflgregationaiyhudnnonof  mica,on»ludf  natundii^ 

near  Kintore :  p.  1 2. 
7«  Sohiatoee  incluaion  in  red  granite  from  Peterhead,  Scotland,  two  thirds 

iuilai»l  lute,  oompoMd  of  daik  nuea,  graaolar  quarts,  and  a  few 

crystals  of  felspar:  p.  14. 
8.  Inclusion,  one  half  natural  sise,  in  granite  from  Goragh  Wood* 

Ireland,    la  tlia  oeotra  of  each  of  Uie  light-eoloured  porphjritio 

pttchaa  Umc*  ia  a  OTTBtal  of  q^hana :  p.  18, 

BncussioN. 

The  Pbssdhht  said  that  ho  had  examined  oawa  of  tihis  kind  in 

the  Aberdeen  granite,  and  had  found  that  some  were  really  frag- 
menta  of  another  rock,  and  others  concretionary.  He  therefore  quite 
agree<l  in  the  limited  observations  with  which  Mr.  Phillips  had 
concluded  from  a  much  larger  number.  He  thought  the  paper  most 
Taloable,  especially  aa  bearing  on  tho  temperatare  at  wbieh  granite 
was  formed. 

Hr.  Attwood  remained  that  on  the  western  ilope  of  the  Wahaatdh 

range,  in  Utah,  these  concrotionarj'  nodules  were  very  common  in 
the  granites.  TunnrLs  showed  that  they  did  not  extend  deep  into 
the  rock,  bat  occurred  only  near  the  point  of  contact  with  other 
rocks. 
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Mr.  Qrmebod  said  ho  had  observed  these  inclusiona  on  the  eastern 
side  of  Dartmoor ;  there  the  inclusions  were  generally  oval,  and 
called  ''maro's  eggs/'  and  the  phenomena  agreed  with  those  de> 
flcribed  by  Mr.  FU^ps. 

ftof.BAfliAT  said  these  iDdurioiii  aigkft  bb  seen  renaiUUy  weU 
on  tiie  steps  of  the  Duke-of-York's  column.  The  suhject  appeared 
to  him  to  have  been  admirably  worked  out  by  Mr.  Phillips.  He 
thought,  however,  that  Mr.  Phillips's  remarks  were  not  inoofiliatent 
with  the  idea  that  some  granites  were  metamorphic. 

Mr.  W.  W.  Smyth  congratulated  the  author  of  the  paper,  with 
wbem  ho  hautily  agreed.  Them  vete  many  oaaM  to  bo  toon  in 
CtonwaU  of  Ihtgmenti  torn  off  from  the  neigfa^^  When, 
howoTer,  you  find  aggreggbee,  as  of  eehorl,  like  balls,  they  must  bo 
due  to  some  kind  of  concretionary  action.  The  ElbagnniteB  showed 
a  tendency  to  aggregation  with  schorl  and  with  mica. 

Prof.  Seelet  cjuotcd  cjiscs  from  the  internal  structure  of  crystals 
of  augito  and  hornblende  of  the  Siebengebirge,  where  similar  con- 
oietkuaiy  masses  oeoor  fUentifally  in  the  tnMhytie  nxdn.  Thej 
generally  haye  angolar  sides,  as  though  laige  felspar  mosses  had 
been  altered  and  removed.  They  are  mostly  rioh  in  augite,  are 
oft^n  limited  by  a  film  of  kaolin,  and  are  quite  as  large  as  those  in 
granite,  lie  thouc^ht  they  were  analogous  to  septarian  concretions 
in  clay,  and  due  to  the  percolation  of  water  removing  materials  from 
one  place  and  putting  them  down  in  another. 

Trot  JvsD  said  Mr.  Phillips  had  nndonbte^  proved  that  there 
are  two  kinds  of  theee  endlosores  in  granite.  Ue  suggested  tiiat  a 
third  class  might  exbt,  namely,  fragments  brought  up  from  below, 
like  the  nodules  composed  of  angite,  oliTioOy  and  onstatito»  whioh 
are  found  in  so  many  basic  rocks. 

Mr.  BAirmMAN  thought  tliat  no  p:roat  dependence  could  bo  placed 
upon  external  contour  as  evidence  of  the  local  or  foreign  origin  of 
an  indnded  mass,  as  in  graphic  granite  the  qnartc  mi^t  ttie  the 
an(^s  of  the  felspar  or  might  be  i^reely  deyeloped ;  then  the  rounded 
form  of  olivine  masses  might  be  duo  to  interrupted  development,  and 
not  to  their  l)einj^  included  fraj^monts.  Ho  exhibited  a  piece  of 
zircon  syenite  from  Labrador;  in  it  was  a  fragment,  as  it  seems,  of 
a  honiltlmde  and  sndu-limc  felspar  rock,  which,  on  the  other  side, 
took  a  true  crystal  loiui  of  horublcndo. 

Dr.  Hioxs  stated  that  sphene  was  common  in  the  hornblende 
gneisses  of  Scotland.  He  had  obserred  many  cases  similar  to  those 
described  by  Mr.  Phillips,  where  tho  surrounding  rock  and  included 
fraprments  were  identical,  and  where  there  was  but  little  alteration 
produrcd  l)y  the  intrusion. 

^\t.  PniLLirs  thought  the  disappearance  of  rounded  fragments  on 
sinking  deeper  in  the  rock,  reterrcd  to  by  Mr.  Attwood,  was  only  an 
acddont.  He  had  found  concretionary  inclusions  at  all  distances 
from  junction-Burfaccs.  He  thought  that  fragments  coming  up  tFom 
below,  as  referred  to  by  Prof.  Judd,  would  generally  be  dissolyed  or 
greatly  diminished  in  sizo  during  their  passage. 
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2<  Ote  <^  Sktll  of  ARonxoBjns  LOKOiPBirHis,  Ow.   By  Professor 
<hnDr,C^.,i'JLS.,f.G^,fte.  (Bead  Novembeir  5«  1878.) 

[PutilL] 

I  HAVE  been  favoured  by  W.  H.  Shrubsole,  Esq.,  F.G.S.,  to  whom 
I  was  iudebted  for  the  humeral  evidences  of  Argillornis  Imijipennis*^ 
with  s  fossil  from  the  same  formation  and  locality  (Loudon  Clay, 
Bheppey),  wldehy  when  oleazed  cf  matrix,  has  aiinded  ffae  lalijeet  of 
the  foUowuBS  description. 

It  is  a  ooniiderablo  portion  of  the  skull  of  a  bird  (PL  H.), 
wanting  the  lower  jaw  and  fore  end  of  the  upper  jaw :  some  pro- 
minent parts  are  abraded,  exposiiij^  a  pneumatic  cellular  structuro. 

The  length  of  the  fossil  is  5  inches  4  lin^  b135  millims. ;  the 
hreadthaoroiath6laorymals(fig.  2,  la)  is  liaflk  9  lines  » 45  millims. ; 
aflNss  the  mastoids  (ib.  ^  s)  2  inches  ■■60  millims. ;  hot  tiMse  pio- 
xninonces  have  suffer^  abrasion. 

The  coalesced  frontals  (fig.  2,  ii,  u'),  which  are  2  inches  6  linos  = 
63  millims.  in  lengtli,  have  joined  the  praomaxillo-nasals  (fig.  2,  15-22) 
by  a  transverse  suture,  1  inch  2  lines  =IiO  millims.  in  length. 
Posthumous  pressure  has  driven  this  part  oi  the  frontal  two  or  three 
lines  hdow  sneh  hsse  of  the  upper  mandible  (fig.  1, 11,  22). 

Defining  the  hind  pait  of  the  frontal  hy  a  ^ont  linesir  traoe.of  a 
fronto-parietal  snfcuze,  7,  the  breadth  of  the  hone  is  here  1  inch 
G  lines  =37  millims,  Tlie  whole  of  tho  preserved  extent  of  the 
frontal  is  smooth,  devoid  of  intermuscular  crest  or  ridges,  feebly 
convex  behind  the  orbits,  becoming  as  feebly  concavo  transversely 
between  tho  orbits — this  concavity  expanding  as  the  bone  advances 
and  gains  hreadth,  and  Ihe  lateral  snifaoe  heooming  transversely 
oon^ez  where  the  irontal,  unjoins  the  laorymal,  is  (fig.  2). 

But  a  small  proportion  of  ti^e  assumed  parietal(fig.  2, 7)  preservea 
its  outer  surface,  which  is  smooth  and  unimpressed.  That  of  tho 
parieto-occii)ital,  ovcrnrching  the  cerebellar  prominence  (fig.  5,  7-3) 
with  tho  mastoid  protuijerancc,  8,  present,  only  on  the  left  side,  ns 
also  that  of  the  occipital  boundary  of  tho  upper  half  of  the  occipital 
foramen,  0,  are  represented  hy  the  remains  of  tho  eanoelloiis  stme- 
ioie.  The  basi-  and  parooeipitals  are  broken  away.  On  tho  right 
side  is  preserved  the  thin  convex  inner  plate  of  tho  cranijj  wall, 
which  protecti'd  the  optic  lobo  (fig.  G,  op).  Tlie  breadth  of  tho  fora- 
men magnum  (fig.  5,  0)  is  7  lines  =15  iinllims.  The  depth  of  tho 
cranium  from  tlie  hind  end  of  the  frontal  to  tho  lower  surface  of  tho 
basispheuoid  \a  1  inch  0  lines  =30  millims.  The  base  of  tho  x>ost- 
orhital  process,  indicated  on  tho  right  side  (fig.  2,  is),  and  the  oaak 
of  tho  orbit  in  the  matrix  (fig.  1,  0),  indicate  tho  fore-and-aft 
diameter  of  that  cavity  as  about  1  inch  6  lines.  Tho  slender  de- 
scending process  of  the  lacrj-mal  (fig.  1,  Vi),  3  lines  =0  millims,  in 
bioadth,  is  convex  across,  concave  vertically  ;  the  upper  expanded 

*  Quart  Jouxu.  Qeol.  Soo.  vol.  xzxir.        p.  124,  pL  vL 
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part  and  the  lower  end  of  the  hone  aro  hrokcn  away  on  both  sides. 
The  pnelacrjinal  vacuity  (tig.  1,  is  arched  above,  and  elightly  ex- 
panded at  tiie  lower  baae^  wbldi  is  made  straight  by  the  nanow 
maxfllo-malar  bar,  si'-ss ;  from  this  is  oontinaed  a  small  portion  of 
the  snborbital  part  of  the  malar. 

The  constituents  of  the  preserved  basal  portion  of  the  upper  man- 
dible have  coalesced  into  a  bony  roof,  slopinfj;  from  a  ridge-piece, 
which  soon  becomes  narrow  aa  it  advances  from  the  fronto-nasfil 
Buturo,  11-22.  The  short  horizontal  tract  beyond  the  suture  is  di- 
vided from  the  sloping  sides  by  a  pair  of  low,  short,  obliqae  ridges 
(fig.  2, 11,  is),  oontiniied  from  the  ends  of  the  sntuie  obliquely  forward 
and  inward.  The  roof  gradually  narrows  from  a  basal  breadtii  of 
1  inch  G  lines  to  one  of  11  lines,  ▼here  the  snont-end  of  the  npper 
bill  is  broken  away. 

The  sloping  sides  in  advance  of  the  ridges,  21,  23,  fig.  1,  are  feebly 
concave  along  the  upper  half,  and  as  feebly  oojivex  toward  their 
lower  bolder,  whieh  is  traversed  a  little  above  the  alveolar  margin 
of  the  upper  jaw  by  a  longitudinal  groove  (fig.  7,  g).  This  margin 
is  broken  away  on  both  sides,  and  luge  canoelU  of  pnenmatio  oha- 
racter  aro  exposed. 

At  ono  sliort  tract  on  the  right  side  (ib.  /),  which  ap]X>ar8 
to  be  the  uninjured  alveolar  border,  there  are  the  outlets  of  four 
small  vertioal  pits,  like  the  aoekets  of  teeth,  but  filled  with  matrix. 
Of  this  portion  a  magnified  view  is  given  at  fig.  7  a,  PL  n.  The 
part  is,  unfortunately,  wanting  on  the  opposite  side,  and  along  the 
rest  of  the  fractured  alveolar  borders  on  the  right  side  (fig.  7)  of  the 
uj)pcr  mandible.  The  fractured  fore  end  exposes  a  nasal  cavity, 
n,  tig.  4,  below  which  is  tlio  widely  cancellous  structure  of  the 
palatal  tioor,  beneath  the  middle  of  which,  iu  a  longitudinal  groove, 
is  a  small  portton  of  bone,  jp. 

The  fraetnred  eanoeUims  tracts  of  the  alveolar  borders  of  the 
upper  bill  I  take  to  be  the  base  of  those  borders  which,  when  entire, 
contracte(l  to  a  narrow  margin,  possibly  dentigerous,  and  were  divided 
from  the  j)alat!d  surface  by  a  longitudinal  groove,  the  mesial  side  of 
which  was  continued  into  a  ])alatal  tract,  descending  some  way 
below  the  alveolar  border,  aud  tcrmiaating  iu  the  ridge  bounding 
the  side  wall  of  a  long  and  narrow  mesial  palatal  vaooity — ^tfae 
jpalaUhnarU  (fig.  3,  pn).  The  sutore  indicating  the  proportions 
respectively  contributed  by  the  maxillary  and  palatine  bones  is 
weU  marked  on  both  sides  ;  and,  afti'r  a  course  from  behind  for- 
ward of  lo  millims.,  the  fore  end  of  the  palatine  underlai)S  the 
broadening  part  of  the  maxillary  plate.  In  advance  of  the  pala- 
tines, the  maxillo-prsemaxillar)'  portion  of  the  palate  is  a  continuoiu 
roof  of  bone,  longitudinally  grooved  at  the  mid  line,  at  the  fore  end 
of  which  is  the  fragment  of  bone  above  noticed.  The  exposed  palatal 
surface  of  the  palatine  gradually  exp  uuls  to  a  breadth  of  10  millims., 
and  as  gradually  contracts  to  where  it  changes  the  liori^ontal  for  tho 
vertical  direction,  bending  forward  anteriorly  to  l)uini<l  the  palato- 
naris,  aud  thence  continued  backward  to  apply  itticlf  to  the  inner 
side  of  the  fore  part  of  the  pter}  goid,  34.   The  length  of  the  paktino 
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ia  2  inches  6  linos  =G3  millims. ;  the  length  of  the  palato-naris,  pn, 
is  1  inch  7  lines  =40  nuUims. ;  the  extreme  breadth  of  this  open- 
ing is  5  lines  mlO  miUims.  It  ia  dosed  behind  by  the  pra^phe* 
noidal  Tostrom,  e,  ilg.  8,  wbieh  is  wedged  between  t&e  bones 

94'  &  20'. 

The  most  prominent  character  of  this  part  of  the  bony  palate  pre- 
served in  the  present  omitholito  is  the  decree  in  which  it  descends 
below  the  level  of  the  alveolar  border  to  form  that  of  the  palato- 
naris.  In  this  character  1  iiud  the  nearest  approach  to  the  Albatr(^ 
(Diomedea  eemfont).  In  tbii  bird,  along  nearly  tiie  binder  half  ot 
the  npper  Inlly  the  peltttal  process  of  the  maxillary  forma  a  ridge, 
divided  by  a  groovo  or  channd  from  the  alveolar  border,  which 
channel  gradually  widens  and  deepens,  chiefly  by  the  descent  of  the 
ridge  below  the  level  of  the  alveolar  border,  opposite  the  termina- 
tion of  which  the  maxillarj'  palatal  ridge  becomes  obtuse,  and  is 
flattened  and  expanded  where  it  is  underlapped  by  the  fore  end  of 
the  palatine.  H  tfaa  ahreolar  ridge  was  shsTed  short  of  tbe 
bottom  of  the  groove,  bo  much  of  the  groove  as  is  left  in  the  omi- 
tholite  between  the  outer  fractnred  border  and  the  inner  down- 
sloping  maxillo-palafine  bones  would  be  represented.  But  the  pala- 
tine part  of  the  maxillary  forms  no  ridge  in  the  fossil ;  the  flattened 
surface  is  continued  forward  iu  advance  of  the  undcrlapping  part  of 
the  palatine  bone.  In  th6  Pefiean  the  downwardly  pitKlnosd  parts 
of  die  palatines  are  posterior  to  the  pakto-naris.  The  Albatross 
among  existing  birds  presents  the  nearest,  though  a  remote,  leseni" 
blanoe  to  the  palatine  characters  of  Argillomis. 

From  DiormdeUj  Ar(/il form's,  like  Odontojitrrifx*,  differs  in  the 
absence  of  the  basirostral  external  nostrils  and  of  the  superorhital 
glaud-pits.  It  resembles  Odontojjteryj;  in  the  absence  of  mesial  or 
lateral  ridges,  indicative  of  the  temporal  fosssB,  whieh  cfaaraeters  are 
stroof  ly  marked  in  the  Gonnorants  and  other  Totipahnates  lacking 
the  superorhital  gland-pits.  The  fore  part  of  the  long  frontal  is  re- 
latively broader  in  Argillomis  than  in  Odontopt^rifx,  and  the  fronto- 
nasal suture  is  consequently  more  extensive.  The  upper  tract  of 
the  upper  bill  is  less  defined  than  in  AnjiUornis  ;  the  basilateral 
tract  leading  to  the  hinder  commencement  of  the  longitudinal  lateral 
groove  is  broader  or  deeper.  This  groove,  commencing,  as  in  Odai^ 
topUryXf  below  the  prselacrymal  vacnity,  nms  along  nearer  the  al- 
veolar border  than  in  OdovUopteriix.  The  state  of  the  latter  fossil 
precludes  a  comparison  of  the  palatal  structures ;  and  the  circum- 
stance that  the  specimen  is  unitpie  forbids  the  makinp:  of  sections  of 
the  more  important  parts  which  such  comparison  would  require. 

I  have  remarked  in  a  former  paper  t  that  the  skull  of  Odonto* 
pteryx  seems  too  small  fat  a  bird  with  a  wing-bone  of  the  size  of 
that  of  ArgilloTfUM ;  but  this  oljection  does  not  apply  to  the  present 
cranial  fossil. 

The  length  of  this  cranium  from  the  upper  ])order  of  the  occipital 
foramen  to  the  fore  border  of  the  pnElaer}raal  vacuity  is  3  inches 

*  Quart  Journ.  Oeol.  Soo.  vol.  xxiz.  1873^  p.  511,  pis.  xri  4  xrii. 
t  Ibid.  voL  zxuT.  Ib78,  p.  128. 
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6  lines ;  the  same  admeasurement  in  Odontopteryx  gives  but  2  inches 
6  lines.  I  estimated  the  total  length  of  the  latter's  skull  at  5  inches 
6  Iinei.  Completing  oa  flie  tame  aoale  the  btoken  beak  at  Argil' 
lorrUi  (PL  II.  fig.  1),  the  skull  gtwm  a  length  of  7  iaehea  6  mm. 
The  degree  in  which  the  wing-bones  of  ArgUhrnu  resembled  thoae 
of  Diomedea  is  so  nearly  that  in  which  any  resemblance  can  be 
pointed  out  in  the  cranial  fossil  to  the  skull  of  the  Albatross  amongst 
existing  birds,  that  the  probability  of  tho  cranial  and  humoral  fossils 
belonging  to  the  same  bird  or  species  of  bird  from  tho  Sheppey 
locality  it  the  London  CSlay  appears  to  me  to  jnstify  tiie  r^branoe 
of  tho  present  fossil  to  ArgiUomM  longipennis.  If  such  a  skull 
should  be  hereafter  discovered  assooiated  with  the  leat  of  the  akele- 
ton.  in  this  or  nny  other  locality,  so  as  to  disprove  such  supposed 
generic  or  specitic  agreement,  tlio  name  Mncrojiieron  may,  perhaps, 
be  accepted  by  the  fortunate  deschbor  of  such  fossil  remains  of  a 
new  genus. 

EXPLANATION  OF  PLATE  U. 

Pig.  1.  ^ido  view  of  AwW.  of  ArgiHoftnU  hllg^^mmtB» 
2.  Upper  view  of  the  8sm«. 
S.  UnaerTiewof  fheniiML 

4.  Anterior  fractured  surface  of  ujipsr  bOL 

5.  Posterior  surface  of  cranium. 

6.  Exposed  part  ol"  inner  wall  of  cranium,  loflging  the  optic  lobe,  op. 

7.  OutliiKi  of  part  of  the  riglit  side  of  the  upper  jaw. 

7  a.  Magnified  view  of  the  alTOolar  surfsM  of  the  amall  eatire  part)  /  of 

that  e^ide. 

All  tho  ilgurcs,  sare  7  a,  are  of  tho  natural  size. 

Discranoir. 

Prof.  Skklky  remarked  upon  the  disadvantage  under  which  the 
Fellows  of  tho  h>ocioty  laboured  in  attempt  Ini?  1o  discuss  the  subjoct 
when  tho  specimen  was  not  before  thorn.  Tho  diagrams,  as  ho 
pointed  oat,  differed  from  the  deecription  in  many  important  parte. 
If  Prof.  Owen's  description  was  rather  to  be  relied  npon,  he  argaed 
that  the  analogy  with  tho  Albatross  was  not  made  out.  He  should 
have  liked  to  know  the  evidence  on  which  the  skull  was  associated 
with  the  limb-bone. 

Mr.  lli  LKi:  stated  that  the  diagrams  cxhilnted  were  very  accurate 
and  intelligent  cornea  of  Prof.  Owen's  sketches. 

Hr.  W.  Datibs  and  Br.  Woodwabd  stated  that  the  fossil,  which 
they  had  both  seinii  greatly  resembled^  in  general  charactoTj  the  skull 
of  the  Albatross. 
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3*  On  Rhajcphocephaltjs  Prestwicht,  SeeUy,  an  ORjnTHORAtnuAN 
from  the  Stoxesfield  Slate  of  Kineton.  By  H.  G.  Seeley,  Esq., 
r.R.S.,  F.G.S.,  Professor  of  Geography  in  King's  ColIego,London. 
(Bead  Jane  25, 1879.) 

Ptev.  PsMiwicK  basobtamad  from  fbe  Stoneafleld  data  of  Kmeton, 
near  Stownm-the-Wold,  a  amaQ  alab  iriueh  nakaa  a  Talnable  ooih 
tr^tkm  to  our  knowledge  of  the  strootm  of  tlie  skull  in  Omitho- 
saors  from  tho  Pritisli  Lower  Socondarj'  rocks.  Tliis  specimen  is 
little  more  than  a  cast  from  the  upper  surface  of  the  cranium,  not 
unlike  in  general  character  to  the  form  orijpually  described  by 
Goldfuss  as  OrnUhooephalus  MumUri,  The  gkull  itself  was  un- 
fortonately  in  iba  oomapondii^  slab,  wbiobbaa  not  baen  preaarv^ed; 
bnt  a  frw  alig^  fragmanta  of  bone  remain  sniBoient  to  abow  tbe 
dense  osseous  tisfloa  wbkb  k  nsoal  in  Fterodactylae.  The  apecimen 
yields  a  clear  impression,  which  displays  the  proportions  of  the 
cranial  bones,  and  the  sutures  between  them,  in  a  way  so  distinct 
as  to  enable  mo  to  state  that  this  animal  was  certainly  different 
generically  from  every  other  type  which  has  hitherto  been  described. 
Wbetber,  bowiiTer,  it  pertained  to  a  distinct  apeeiaa  from  tboaa  in- 
dicated by  tba  foasils  from  Stonesfleld  wbich  bave  already  been 
figored  by  Professors  Huxley  and  Owen  is  a  matter  upon  wbioh 
some  doubt  may  bo  felt ;  but  hearing  in  mind  the  relatively  largo 
size  of  the  jaws  and  teeth  in  those  ^os^ils,  I  am  strongly  of  opinion 
that  this  specimen  indicates  a  smaller  kind  of  animal,  in  which  the 
deutary  apparatus  was  less  developed,  and  I  therefore  venture  to 
aumat  for  it  a  tpeoiilB  name. 

%e  remarkable  Ibatore  which  leads  mo  to  consider  tbis  specimen 
to  be  the  t}-pe  of  a  nev  genua  is  its  singular  analogy  to  ibe  Gvoco- 
dilian  skull,  which  has  never  been  displayed  to  the  fame  degree  in 
any  other  Omithosaur.  The  fragment  shows  the  parietal,  frontal, 
prefrontal,  and  nasal  bones ;  all  these  are  arranged  on  the  Crocodilian 
plan,  and  yet  the  proportions  of  the  parietal  and  frontal  regions  are 
in  no  reapeot  tboae  of  a  Grooodile.  All  tiie  bonea  areamooUi  on  tbo 
upper  surface.  The  parietal  region  is  long,  flattened  aboye,  sligbtly 
convex  in  length,  with  a  moderate  median  depression  posteriorly, 
where  there  are  some  longitudinal  striations,  as  though  the  end  of  a 
Bupraoccipital  here  overlapped  tlie  parietal  bone ;  but  the  bono 
terminates  transversely  in  a  sharp  clean  posterior  edge,  wliich  is 
sinuous,  being  convex  in  the  middle  and  concave  towards  the  sides, 
wbeie  tiie  bone  widens  out,  giving  off  lateral  wings  towards  tbe 
aqnamoaal  region.  The  median  suture  of  the  parietal  bonea  can 
be  traced,  though  it  is  not  quite  in  the  middle  line.  Tbe  bonea  be- 
come constricted  from  side  to  nide,  the  constriction  being  preatest 
behind  the  middle,  where  tlioy  a])])Lar  to  be  naturally  notchod  on 
each  side.  I  do  not  see  the  signification  of  these  uotchcy,  unless 
they  indicate  the  anterior  termination  of  squamosal  bones  which 
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overlapped  the  poBterior  portion  of  the  pahetals  and  curved  with 
them  baflkwaxd  and  mitwttrd.  Iliere  is  on  the  lateral  portiona  of 
the  parietal  aalightimpreiflion  of  the  boiie^  whioh  also  suggests  to  me 

this  interpretation.  The  pa- 
rietal (p)  terminates  anteriorly  Cast  of  upper  surface  of  Sl-uU  of 
in  a  transverse  suture  in  which  RhamphocephaluB  f^twiehi, 
it  joins  the  frontal  bones  (/) ; 
thia  Buture  is  nearly  straight, 
being  curved  slightly  backward. 
The  Imigth  of  the  parietal  bone 
ie  exactly  3  centimetres;  its 
posterior  width,  as  preserved 
(which  is  less  tlian  the  real 
width),  is  about  25  niillimotres ; 
the  greatest  constriction  of  the 
bone  from  sids  to  side  just  in 
firant  of  the  notches  appeals  to 
he  about  8  millimetres  or  rather 
more,  while  the  anterior  width 
of  the  bones  at  their  union  with 
the  frontal  bones  is  23  milli- 
metres. 

There  is  a  moderate  trans- 
Terse  depression  on  the  skull 
where  the  parietal  bones  join 
the  frontal.  Unfortunately 
there  is  no  indication  of  the 
character  of  this  long  cerebral 
region,  though  it  is  enndent  that 
there  was  a  concavity  bdowthe 
slender  squamosal  arch.  The 
parietal  appears  where  it  joined 
the  frontal  bone  to  have  f^iven 
attachment  to  the  jx>sttVont  al, 
at  the  back  of  the  orbit,  in  the 
usual  way ;  but,  apparently 
from  the  sharpdownwud  curve 
of  the  postCrontal  bone,  no  trace 
of  it  is  preserved.  The  width 
of  its  union  with  the  roof-bones 
of  the  skull  was  about  ')  milli- 
metres. The  frontal  bones 
measure  in  length  18  milli- 
metres, are  greatiy  constricted 
m  the  orbital  region  and  cupped 
with  almost  semicircular  bor- 
ders for  the  orbiti^.  The  width 
of  the  interorbital  part  of  the 
bones  is  5  millimetres,  and  the 
extent  of  the  bone  posterior  to  the  orbit  at  its  outer  border  is  4  mil- 


ox,  artiettUur  turfiMse  for  oooij^tal  boos 
parietiil ;  /,  frontal ;  0,  orbit ;  jft  pre- 
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fimeliM.  The  bone  widens  in  front  a  little,  Imt  the  front  of  theorhit 
is  fixnned,  as  usual,  by  the  prefrontal  bone  {pf)»  The  median  future 

between  the  frontals  is  clear.  There  is  a  deep  ooncayity  between 
the  orbits  in  front,  which  is  formed  by  tlic  marf^ins  of  the  frontal 
bono  being  elevated  so  aa  to  form  an  upper  orbital  border,  which 
recalls  the  condition  in  Crocodiles.  There  are  also  elevated  ridges 
behind  the  orbits.  The  little  that  is  seen  of  the  inner  orbital 
border  is  smooth,  Tertical,  and  oonoave  in  length.  The  orbits  appear 
to  have  been  oblique  and  to  have  looked  upward  and  forward.  The 
length  of  that  on  the  left  side  is  about  16  millimetres.  The  frontal 
bone  (/)  terminat<»s  anteriorly  in  a  forked  suture,  which  receives  the 
ends  01  the  nasal  bones  (n)  in  the  middle,  and  the  prefrontal  bones  (pf) 
on  the  oblique  external  margins.  The  prefrontal  bones,  however, 
avenotTei7diBfcinotftoi&  tiie  nasal  hones,  though  the  sotoie  appears 
to  run  on  the  inner  side  of  sharp  ridges  whieh  form  their  inner 
borders.  But  of  this  I  cannot  speak  positively,  as  the  anterior  tes^ 
mination  of  the  suture  cannot  be  distinj^iiished. 

These  prefrontal  Iwnes  (/»/),  or  prefrontal  elements  of  the  nasal,  are 
channelled  in  length  ;  they  reach  backward  to  the  orbit  and  are 
about  2  centimetres  long.  The  exact  width  of  the  specimen  in 
Ikont  of  the  orbit  does  not  represent  the  width  cf  ^  bones  dnring 
life.  As  preserved,  the  width  is  not  more  th|ui  16  millimetres. 
Doling  life  the  width  may  have  been  2}  centimetres.  The  nasal 
bones,  ns  preserved,  arc  50  millimetres  long.  Where  they  join  the 
frontal  elements  they  arc  about  4  millimetres  wide.  They  attain 
their  greatest  width  where  the  slightly  diverging  prefrontal  ridpres 
terminate  on  their  sides,  and  are  there  about  9  millimetres  wide 
at  rather  more  than  a  centimetre  from  the  frontal  suture.  The 
longitudinal  median  suture  between  the  nasal  bones  is  well  marked 
and  wider  than  in  the  frontal  region ;  yet  the  nasal  bones  form  an 
elevated  median  keel  slightly  convex  in  length  and  defined  hy  a 
well-marked  channel  on  each  side.  The  bones  converge  slowly 
anteriorly  and  may  have  extended  a  little  further  than  is  indicated 
by  the  specimen,  if  they  terminated  in  a  point.  The  circumstanoe 
that  the  maxillary  bones  are  not  preserved  is  strong  prosomptiTa 
evidence  that  the  maxillaries  were  vertical,  or  at  least  formed  a  sharp 
angle  with  the  roof  of  the  skull.  It  is  perhaps  remarkable  that  no 
portion  of  the  njisal  bones  can  be  identified  as  having  entered  into 
the  external  naref,  though  in  many  I'terodactyles,  such  as  Ctfc- 
norhamjahus  sutricus,  there  is  no  lateral  indentation  of  the  bones 
in  tiie  nasal  region.  If  we  were  to  regard  these  nasal  bones  as 
hsnng  cKtended  to  witliin  an  inch  of  the  extremity  of  the  sknll  the 
total  length  of  the  head  would  not  have  been  more  than  5  j  inches, 
and  the  toothed  portion  of  jaw  would  probably  not  have  exceeded 
2  inches.  The  teeth  I  should  infer  to  have  been  of  about  the  size 
of  those  of  Ci/rnorhamphus  siuvicus  of  Quenstodt,  which  stood  about 
lu  inches  high. 

The  characters  which  espedally  distinguish  this  animal  are,  firsti 
the  remarkable  lengthof  the  roof  of  the  skoJl,  posterior  to  the  orbitB(oX 
which  amounts  to  about  88  millimetres ;  so  that  if  the  orbits  bounded 
the  anterior  part  of  the  cerebral  region,  as  is  nsoal  in  Pterodactyles, 
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there  is  here  evidenoo  of  a  oerebril  dongaiioa  to  wldoh  no  olili«r 

jj^tendactylo  even  approximates ;  and  it  is  difficult  to  believa  that  a 

brain-cavity  so  lonj;  and  narrow,  as  shown  by  the  median  oonstrio- 
tiou,  could  have  coutuiued  a  brain  of  Avian  plan  such  as  is  evidenced 
by  almost  every  specimen  from  Solenhofen  in  which  an  internal 
mould  of  this  region  is  praoervod,  as  may  be  seen  in  the  mui>eums  at 
Mnnidi,  Heidelberg,  and  Haariem* 

Secondly,  I  do  not  remember  in  any  other  Fterodaotyle  any  thing 
like  so  great  a  constriction  of  the  frontal  i^on  between  the  orbita; 
tliirdly,  the  sutures  between  the  bones  are  better  marked  than  in 
any  other  Pterwlactyle  whieli  I  liavc  rxaniined  ;  and,  fourthly,  tho 
plan  of  structure  of  tho  root-bones  of  this  t>kull  is  so  entirely  Kepti- 
lian  as  to  suggest  the  existence  of  Omithosaurian  animals  of  lower 
grade  than  any  wbieh  I  have  hifheirto  seen.  The  ilender  material 
does  not,  howem,  jnstify  apeonlation ;  and  it  ia  quite  possible  that 
this  may  prove  to  be  a  genus  closely  allied  to  some  of  those  animals 
for  which  the  name  Bhamphnrhynchns  has  been  appropriated  ;  and 
I  shall  bo  quite  prepared  to  tind  that  all  the  Oniithosanriana 
from  Stonestield  Ixjloug  to  this  or  an  allied  genus  which  had  lUiam- 
phorJiynehus  for  its  nearest  ally,  and  which  resembled  that  genus  in 
the  oharaetera  of  the  poetorbital  archea. 

There  are  indications,  however,  in  the  Stonesfield  fossils  of  impor- 
tant differences  from  the  German  typ<»  now  included  in  Sham" 
pJiorJnj nchns  in  the  characters  of  the  mandible  and  dentition,  and  tho 
relatively  large  size  of  the  hind  limbs,  tho  femur  being,  in  one  of 
these  animals,  94  millimetres  long,  while  the  tibia  has  a  length  of 
90  millimetres.  This  is  far  beyond  the  size  of  any  species  of 
Bhamphor^yn^iiiM,  and,  indeed,  is  only  to  be  paiaUded  in  JHrnor^ 

fkodon  and  the  larger  short-tailed  German  Pterodaotylea,  which 
are  long  hind  le^  and  form  the  genus  Cyenorhtmphtu.  The  wing- 
phalanges  in  these  Stonesfield  ariimids  are,  however,  unusually  long, 
loiif^er  than  in  any  German  species  except  perhaps  Pteroilarti/his 
vulturinus,  which  is  imperfectly  known.  The  first  phalange  of  the 
wing-hnger  of  tho  largest  Stonesfield  specimen  is  nearly  5  inches  long, 
while  the  second  and  third  phalanges  measore  about  7|  inchea  eaohy 
while  the  fourth  is  iij^  inches  long.  But  the  Qzfofd  specimens 
appear  to  indicate,  from  the  different  proportions  of  cervical  verte* 
broe,  lower  jaws,  and  bones  of  the  fore  and  hind  limb,  two  or  three 
well-defined  specit  s.  To  these  may  be  added  another  from  the 
(ircat  Oolitic  of  Sun<den,  of  which  the  mandible  has  already  been 
figured  in  this  Journal  by  Prof.  Huxley*.  Although  in  the  latter 
specimen  nearly  the  whole  skeleton  appeara  to  have  oeenned  in  the 
same  spot,  no  toace  of  a  long  tail  of  the  Bhan^ohot^ftukia  type  haa 
been  met  with.  Among  the  Stonesfield  specimens  the  sacnnn  cott" 
siats  of  at  least  five  vertebrtr,  and  there  are  cervical  and  dorsal  verte- 
bne,  including;  the  atlas,  which  a])parcntly  is  not  ankylosed  to  the 
axis,  but  no  trace  of  a  tail.  These  facts,  taken  in  conjuuction  with 
the  relatively  large  size  of  the  hind  limb  and  sacrum  and  the  cranial 
difEbiences,  will,  I  belieye,  justify  me  in  inatitating  anew  geiuif  for 
this  enninm  and  the  other  Stoneafteld  Omifluwanrs. 

*  Quart  Joorn.  GeoL  Soo.  toLzt.  p.  668L 
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4.  SvmaMMimxi  Nozi  on  lA^  VnsnRjB  of  Obhithopsis,  Sedeyt^ 
BuoAMXEOTUB,  £tf&t«.  BjT  J.  W.  HvuEB,  Esq.,  F JLS^  F.G.S. 
(Bead  Narember  19, 1879.) 

[pLint  ni.  ft  IV.] 

At  the  close  of  last  session  I  hroiiirlit  bcforo  the  Society  some  ad- 
ditional eviflence  of  the  existence  in  our  Wealden  times  of  a  huge 
Dinosaur  whoiio  vertebnc  wore  characterized  by  marvellous  lights 
nefls ;  and  I  endeaTOured  to  show,  by  an  ezaminatmn  of  all  the 
material  at  that  time  available  for  comparison,  that  although  the 
vortebiw  of  this  Sanzian  {Omlihopsisy  Sccley,  Euvanurotns^  Hulko  ; 
Botlirio^pon'hjluSy  in  part,  Chutufrosteosauri'if,  Owen)  exhibited 
corrcs{K)ndcncc8  witli  those  of  certain  ne^ly  discovered  American 
forms  (some  of  which  had  been  recently  noticed  by  Prof.  Owen) 
which  indicated  affinity  with  these,  yet  there  coexisted  such  differ- 
encM  as  Boemad  to  me  to  disproTo  their  generic  identity. 

The  liberality  of  the  Kev.  W.  Fox  now  enables  me  to  place  befero 
you  photographs  and  drawings  which,  for  the  first  time,  afford  com- 
plete information  respecting  the  structure  of  the  Tertehial  f'^lnmn  in 
the  neck  and  trunk  of  this  remarkable  animal. 

Seek. — Three  cervical  vertebrae  in  Mr.  Pox's  possession  show  the 
centrum  in  this  tedium  to  he  strongly  opisthocoelous.  The  articular 
luJliiL  this  zsgum  is  a  laiger  portiom  of  a  sphere  than  in  the  trunk, 
and  the  cup  is  correspondingly  deeper.  The  under  soifsce  of  the 
centrum  is  singularly  flat,  a  character  which  disappears  in  passing 
backwards  and  is  little  apparent  in  the  trunk.  The  neural  canal  is 
very  capacious.  The  prav-vgapophyses  project  considerably  for- 
ward bev'ond  the  front  of  the  neural  arch,  overhanging  hero  the 
halL  Their  artionlatiiig  sozfaoe  is  laige,  of  a  roughly  ohhmg  Ihrm, 
and  directed  npwaids  and  inwards.  It  is  a  single  sorfaoe  for  each 
pmsygapopbysis ;  and  the  notch  between  the  pnezygapophyses  is 
non^articulsiT.  The  additional  articular  surface  forming  the  zygan- 
tral  arranf;cment  present  in  dorsal  centra  is  here  absent ;  and  the 
associated  /.ygowphenal  bolt  dependent  from  tlio  confluent  inner  ends 
of  the  postzygapophyses  is  necessarily  also  wanting  in  the  ncck« 
The  neual  anh  in  aJl  Mr.  Pos^s  specimens  referable  to  the  nedk  is 
devoid  of  spinous  procesi.  ¥nm  tiie  root  of  each  prsBxygapophysis 
a  lofty  er^  curves  upwards,  backwards,  and  inwards,  and  then 
diverges  and  declines  posteriorly,  where  it  ends  in  a  stout  postzyga- 
pophysial  process  baring  on  its  under  and  outer  surface  the  articular 
facet.  The  crests  of  opposite  sides  are  separated  by  a  mesial  {groove 
vcrj'  deep  in  front.  There  are  two  transverse  processes,  a  lower  on 
the  body  and  an  upper  on  the  areh.  The  lower  transrene  process 
(parapc^ysb)  springs  ftom  the  side  of  the  centnun  towards  the 
foont,  a  constriction  separating  it  from  the  articular  ball.  From  the 
parapophysis  a  projecting  ledge-like  plate  passes  backwards  along 
the  centrom  to  its  posterior  border.  The  upper  tra&syene  process 
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(diapophysis)  springs  from  the  aroh  TeridoaUy  over  the  lower,  towards 

which  it  inclines ;  and  both  processes  arc  joined  by  the  brandies  of 
a  short  forked  riblet,  which  assist  to  enclose  a  large  foramen.  The 
only  riblet  preserved  is  mutilated ;  but  it  is  e\-ideiit  that  its  unat- 
tached, free,  distal  border  was  extended  forwards  and  backwards  in 
a  direction  nearly  parallel  with  the  vertebral  column  in  an  ordinary 
manner.  From  die  root  of  the  diapophysis  another  projecting  ledge- 
like plate  desoends  along  the  side  of  the  aroh  towards  the  jnnction 
of  this  witli  the  centrum  near  the  posterior  border  of  this  latter, 
thus  taking  a  direction  approximately  parallel  with  the  lower  plate. 
Between  these  two  plates,  and  much  overhung  by  the  upper  one, 
the  side  of  the  centrum  is  impressed  wit  Ii  a  long  narrow  i)it,  crossed 
slantingly  and  imperfectly  subdivided  by  ridges,  from  each  of 
the  neural  orests,  where  these  diverge  behind,  a  prominent  lidge 
nms  downwards  and  forwards  towards  the  root  of  the  diapophysis 
of  the  same  side,  and  another  wider  ridge  deseends  nearly  vertically 
towards  the  centrum,  its  i>osterior  margin  forming  the  lateral  boun- 
dary of  the  posterior  opening  of  the  neural  canal.  Tietween  these 
two  ridges,  and  above  the  diapophysial  ledge-plate  which  bounds  it 
beloWi  is  a  large  very  conspicuous  depression.  The  ayerage  length 
of  the  three  oenrical  oentra  was  probably  not  nnder  28  oenthn., 
which  is  about  the  length  of  the  centrum  I  brought  before  the 
Society  last  June.  The  large  extent  of  the  articular  surfaces,  the 
crests  and  ridges,  and  the  great  length  of  the  vertebrie  indicate  a 
very  long,  extremely  mobile,  strongly  muscular  neck.  In  the  sin- 
gular ilatuess  of  the  under  surface  of  the  centrum  there  is  a  striking 
resemblance  to  that  of  ApUryx  MantelU. 

Trunh-VeiidroB* — The  best-preeerred  vertebra  In  Hi.  Fox^  od- 
leotion  (PL  HL  figs.  4,  5)  referaUe  to  the  trunk  is,  I  believe,  from 
nearly  the  same  situation  as  the  neural  arch  I  brought  under  the 
Society's  notice  in  1 870.  When  placed  on  a  plane  surface,  its  height, 
taken  from  this  to  the  top  of  its  spinous  process,  is  about  02  centira. 
The  centrum  is  opisthocoelous ;  but  the  prominence  of  the  articular 
baU  is  less  tiian  in  the  nedk.  The  horizontal  diameter  of  the  ball  is 
greater  than  the  vertical  diameter,  the  actual  measurements  being 
22'5  centim.  and  14-6  centim.  The  length  of  tho  centrum  taken 
along  the  side  from  the  base  of  the  ball  \o  the  edtro  of  the  cup  is,  in 
the  present  state  of  the  fossil,  17"5  centim.;  but  before  aljraaion 
it  was  probably  not  less  than  20  centim.  The  under  surface  of 
the  centrum  is  flattened  transversely,  but  to  a  much  smaller  degree 
than  in  the  neck.  Longitudinally  it  is  rendered  very  concave  by  the 
swelling  of  tho  articidar  ends.  It  is  marked  by  a  low  median  ridge. 
In  the  side  of  the  centrum  is  the  conspicuous  opening  of  the  large 
internal  chamber,  described  more  particularly  in  my  last  note.  It 
is  of  an  oval  form,  with  the  larger  end  in  front.  Its  length  is 
centim.,  and  its  greatest  vertical  diameter  is  5-4  centim.  The 
chambers  of  opposite  sides  are  leperated  only  by  a  \cry  thin  median 
partition.  The  neurapophyses  have  an  extensive  attachment  to  the 
centrum,  their  antero-posterior  extent  nearly  equalling  that  of  the 
Utter.  They  then  contract  to  13  centim.  at  a  height  of  1*6  centim. 
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to  2  centim.  above  the  floor  of  tho  neural  canal,  and  above  this 
again  rapidly  iocrease.  Tho  arch  and  processes  exhibit  tho  singu- 
Ittdy  oompleK  gfcructure,  loss  perfectly  shown  in  my  first  fossil,  shown 
hen  in  1870.  The  mnnr  aspect  of  eaioih  prszygapophysts  has  an 
additional  articular  surface  which,  prolonged  into  the  bottom  of  the 
deep  notch  that  separates  tho  pair  of  prsDzygapophyses,  forms  with 
this  a  zygantral  arrangement.  In  correspondence  with  this  a  vor- 
tical zygosphoual  bolt-plate  depends  from  the  confluent  inner  ends 
of  the  postzygapophyses.  Eiom  the  bottom  of  this  zygosphenal 
plflte  two  sheets  of  hone  descend  nponthe  nearapophyses,  rooflag  in, 
after  Ihe  fiohion  of  an  eaye,  tiie  posterior  opening  of  the  nenral 
eonaL  The  prss-  andpostzygapophyses  are  connected  by  a  platform 
continned  along  the  neural  arch  in  the  level  of  its  crown.  This 
platform  is  produced  outwards  and  upwards  in  the  form  of  a  strong 
and  rather  long  transverse  process,  the  free  end  of  which  is  stout 
and  clubbed  as  for  the  attachment  of  a  rib-tuberde.  Below,  a  thiu 
vertical  {date  descends  from  the  transrene  pooees  and  platform 
upon  the  side  of  the  neural  ardi,  on  whidi  it  is  lost  slightly  below 
the  mid  height  of  the  latter.  Above,  a  similar  thin  plate  connects 
tho  platform  with  the  neural  spine.  The  articular  surface  for  the 
rib-head  is  just  outside  the  pra3zygapophysis.  Under  the  platform 
are  very  deep  cavern-like  recesses.  The  neural  spine  arises  by  two 
pairs  of  plates,  of  which  the  front  are  thinner,  and  spring  from  the 
erown  of  the  •mtj  lofty  aroh  dose  to  the  prsezygapoph^'ses.  Bdow, 
iheee  anterior  plates  are  sepaiated  by  a  deisp  mesial  groove.  Above, 
they  gradoally  appsoadi,  tiie  separating  groove  lessens  till  they  meet, 
when  they  again  diverge  and  lose  themselves  in  tho  anterior  as- 
pect of  the  transversely  extended  free  end  of  the  spinous  process. 
The  posterior  pair,  stouter,  more  pillar-like,  arise  directly  over 
the  poetzygapophyses.  They  are  not  traceable  so  high  as  the  ante- 
rior pair.  Below,  between  them,  immediately  above  the  zygosphe- 
nal plate^  is  a  deep  pit.  Above  Ihis  they  are  separated  by  anarrow 
median  crest  which  ascends  nearly  to  the  top  of  the  splnons  pro- 
cess, and  served  for  tho  attachment  of  an  interspinous  ligament. 
The  transverse  expansion  of  tho  frco  end  of  the  spinous  process, 
so  that  the  direction  of  its  greatest  measurement  here  crosses  the 
axis  of  the  vertebral  column,  and  its  deep  sculpturing,  are  two  re- 
markaUe  featnres. 

Until  now  our  ideas  of  the  form  of  these  singular  vertebrse  had 
been  drawn  oonsbmetively  firom  fragments  of  detached  arches  and 
contra.  The  association  of  arch  and  centrum,  which  in  1870 
I  felt  justified  in  affirming,  on  tho  evidence  of  such  fragments, 
is  here  first  actually  demonstrated  in  this  magnificent  fossil. 
Another  centrum,  apparently  from  the  same  part  of  the  vertebral 
eolvmn  as  that  jnst  described,  is  24  centim.  long.  The  articular 
ball  is  22  centim.  in  its  vertical  diameter,  and  16  oentim.  in 
the  horizontal.  The  under  surface  of  the  centrum  is  somewhat 
flattened.  The  chambers  and  their  lateral  openings  are  ver\*  large. 
A  third  centrum,  about  23  centim.  long,  has  a  more  cylindroid 
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fiprure;  the  nnder  surface  is  only  very  sligMly  flat  toned.  The 
lateral  openiug  and  the  chamber  are  smaller.  1  am  iiicliued  to 
regard  this  centrum  as  having  occupied  a  position  in  the  vertebnl 
oolnmn  posterior  to  the  two  jort  deteribed.  The  Ibim  of  the  arti* 
dilations  and  the  superadded  zygosphenal  arrangement  are  oalen- 
lated  to  greatly  limit  the  mohility  of  the  vertehne  on  one  another 
in  this  reirion.  With  respect  to  the  orifioe  of  the  large-sided  oham- 
hers  in  tlieso  vertebne,  Prof.  Seeley,  linding  Ihem  paralleled  in 
birds  and  Pterosauria,  regarded  them  as  pneumatic.  Prof.  Uweu, 
on  the  other  hand,  thinks  that  they  were  more  probably  filled 
with  ehondrine;  ftnd  in  a  leoent  dieciwdoii  he  supported  this  view 
Ij  a  reference  to  the  vei  k'l)raj  of  fish.  On  this  hypothesis  it  is  not 
apparent  to  mo  why  the  chambers  should  attain  tlu  ir  maximum  de- 
velopment in  the  fore  part  of  the  trunk,  he  u1i?rnt  from  tlie  neck, 
and  lessen  towards  the  loins.  Why  should  sucli  a  eonneetive  sub- 
stance as  choudrine  be  thus  limited  in  its  skeletal  distribution? 
Bather  doee  not  nush  limitation  strengthen  the  opinion  of  their 
being  air-ehambets?  In  Birds,  partiodarly  thoee  endowed  with 
great  powers  of  flight,  e,g,  AlhatroM,  the  pneumatic  opening  in  the 
side  of  the  vertebral  centrum  is  largest  precisely  in  the  same  situa- 
tion as  in  Eucamerotxis ;  it  is  also  wanting  in  the  neck,  and  it  rapidly 
lessens  towards  the  sacrum.  In  noticing  this  parallel  I  would, 
however,  not  be  understood  to  aifirm  that  Eucameroias  was  capable 
of  flight. 

2VijZ.-- AH  the  twtebm  yet  diaoovered  whioh  I  ean  confidently 
vfyi  to  the  animal  belong  to  the  ne(^  and  trunk.  I  know  of 
none  which  bear  chevron  facets  or  other  marks  whereby  to  assign 
them  to  the  tail,  a  circumstance  which  is  not  without  significance 
when  we  consider  the  large  number  of  vertebrte  ii\  most  reptilian  tails. 
May  its  caudal  vertebras  be,  like  those  described  in  certain  of  the  new 
Amerioan  forma,  unohambered  and  relatiTelj  aolid  ?  In  the  same 
Wealden  beda  whioh  have  yielded  these  oervioal  and  dorsal  Terfeebne 
caudal  vert-ebrfe  n  ot  unfrcquently  occor .  Of  these,  the  most  common 
are  thoso  laterally  flatteiK^l  forms  which  are  correctly  assigned  to 
Jynanodon,  IN^ext  in  frequency  are  two  types  which  have  usually 
been  given  to  CeUosauri.  Of  these,  one  T  have  good  reason  to  placein 
the  tail  of  Iguanodon  immediately  behind  the  spot  where  the  trans- 
yerae  process  disappears.  The  other,  which  often  attains  much 
larger  dimensions  than  in  Igwmodon^  Is  also  rdatiyely  shorter  and 
of  coarser  texture.  May  these  belong  to  fboeiineroftw  ?  Not  long 
since  I  should  have  rejected  this  con jectiire  as  unworthy  of  attention ; 
but  the  lato  Colorado  disooTeries  show  that  it  would  not  bo  safe  to 
do  so. 
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BXFLAITATION  09  FLATBS  IH.  ft  IT. 

AH  the  figures  ore  about  one  fourth  the  natural  size/ 

Rg.  1.  Side  riew  of  cerrical  vertebra.  (No.  11.  4,  Mr.  Fox'e  Catal.)  (The 
DnesjgapophysMb  the  di»-  and  pan^p^ua  aad  a  piece  of  tha 
Mtdar  oTliba  poilarior  aitioolar  eop  JuTO 

V^.  %  T7ndor  anxliMa  of  inolhir  osnrioil  wtobi*.  (Vo^  Mr.  Ploifs 
OataL) 

Fig.  3.  Front  Tiew  of  another  cervical  rertebra.  It  is  somewhat  distorted  bj 
nri^>8aure,  and  the  left  pnezygapophysis,  dia-  and  pan^opliiyiii  iMm 
boon  broken  off.    (No.  II.  3,  Mr.  Fox's  CataL) 

Fig.  4.  Side  view  of  the  SJiine  (postzygapophysis  broken  off). 

Fig.  6.  Front  riew  of  trunk-rertebra. 

6.  Side  riew  of  tmiilEr*Ttrtabra.  (Xha  fi»a  wtwanil^  of  tha  diapophjaa  it 
detached.) 

ISf:  7.  BMdc  Tiew  of  trank-Tirtebia.  (Ho.  IL  1,  Mr.  Foo^a  OataL). 

Itt all  the  figriroe  the  letters  hare  the  foUowing  signification:— 

j?rr,  praezygapophyjiis.  c,  cup. 

,  posLzygapophytda.  aioe  obambert 

tt,  zypo«|)hpne.  neural  oieit 

parapuuhyais.  ft^  ride  pit,- 

^,  dia^opiiyrii.  r,  riblet. 

Discxjssioi?. 

Prof.  Seeley  supported  the  view  of  tho  pneumatic  character  of 
the  vertebral  cavities  in  this  genus  by  ret'erenco  to  the  Chelouians 
and  Birds,  uud  bchuvud  that  the  tissue  uf  the  dorual  vertebrae  hud 
bem  ezcaTEted  and  absoibed  owing  to  tho  proaanie  of  an  air^ac  upon 
the  Toriebrn,  due  to  a  aaooulato  onidition  of  the  lunga.  He  pointed 
out  the  Talne  of  the  new  endeneo  obtauied  with  regard  to  the 
ueofal  arch ;  and  (if  we  may  accept  the  evidence  of  the  iVmcrican 
genera  as  to  the  carpus  and  tarsals)  wo  seem  to  have  proofs  in  these 
animals  of  the  existence  of  a  suborder  of  Dinosaurs  in  which  peculiar 
skeletal  modifications  are  associated  with  a  pneumatic  skeleton. 

Br.  KmToir  to(^  ezoeptum  to  the  explanation  given  hv  Froll 
Seeley  as  to  the  absorption  of  portions  of  the  vertebm.  Be  eng* 
geited  that  the  analogicii  were  with  the  Sharks  and  Bays  rather  than, 
with  Birds. 

Mr.  HcLKE  replied  to  Dr.  Meryon  that  while  the  cervical  vertebras 
indicate  groat  mobility,  the  dorsal  vertebra)  are  very  firmly  locked 
together.  Against  the  view  that  tho  parallel  of  the  singular  cliam- 
hered  stmotnre  was  to  he  found  in  the  Sharks  and  Bays,  he  pointed 
out  that  this  atrnetofe  Is,  in  OrMJOwpt^^  confined  to  the  dorsal 
region,  and  does  not  extend  through  the  whole  length  of  the  ver- 
tebral  oolnnuiy  ae  is  the  oaie  with  cartilaginonB  fishes. 
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5.  Oh  iomt  ^indescrihed  Comatitlj!  from  the  Biuttsh  Secondary 
Hocks.  By  P.  Herbert  Carpenteb,  M.A.,  Aasutant  Master  at 
£tou  College.  (Bead  Deoember  3, 1879). 


ICt  weak  on  the  Comatulof  of  the  *  ChaUcngcr '  Exx>cditioii  naturally 
led  me  to  a  oonridentioii  of  tiieir  foanl  rcprcsentatavea ;  and  I 
found  that  although  continental  palsontologiats  have  deBcribed 
aeveral  species  from  the  Juraasie  and  Cretaceous  rocks  of  Central 

!Kiiro]X',  hardly  one  has  ])octi  recorded  as  occurring  in  the  corre- 
siwnding  formations  of  the  liritiah  area.  It  soon  appeared,  however, 
that  this  is  not  because  we  have  none  to  record,  but  merely  becaose 
neither  descriptions  nor  names  have  been  given  for  those  which  wo 
have.  In  the  following  pages  I  propose  to  make  good  this  defi- 
ciency ;  but  I  would  first  express  ray  sincere  thanks  to  Mr. 
Etheridge,  of  the  Royal  School  of  Mines,  to  Professor  Hughes,  of 
Cambridge,  and  to  Messrs.  Henry  Woodward  and  li.  Etheridge,  jnn., 
of  the  British  Museum,  for  the  ready  kindness  with  which  they  luive 
alluwed  me  to  make  use  of  specimens  in  the  collectious  uuder  their 
chaifio.  I  am  also  greally  indebted  to  I^.  'Wright,  of  Cheltenham, 
for  placing  at  my  disposal  two  Bpedmena  fnm  his  own  collection* 

SchlUter*  has  recently  pnUiahed  some  descriptions,  together  ^ih 
excellent  lignres,  of  several  new  fossil  Cornatulce  from  Germany, 
Italy,  and  Sweden.  At  the  same  time  ho  has  expressed  some  views 
as  to  their  anatomy  and  classification  which  are  inconsistent  wilh 
some  of  bis  statements  of  fact,  and  still  more  so  with  the  results  of 
my  own  obseiTations  on  the  anatomy  of  the  recent  spedee. 

He  giyea  the  IbUowuig  general  desoriptiont  of  tlie  "Ehopf*  or 
controdorsal  piece,  which  is  the  part  of  the  skeleton  that  is  meet 
usually  found  fossil,  £reqaently  being  the  only  part  preserred : — 

"  Bositlcs  the  central  pit  Icxlging  the  heart  or  chaiubeml  organ  

many  species  liuve  fire  other  Bumller  pits,  disposed  radially  around  the  central 
one.  Thcee  radinl  pits,  as  shown  bj  GreelT  I'ur  Aniedon  europaus  {Comatuta 
VicdifiTranra)  and  IqrLudwig  for  A.  romctus^  wn  blind  saccular  extensions 


stellate  depremon  on  Uie  underside  uf  the  eentrodoml.   Ekch  ray  of  this  star 

cnrro^jionds  with  one  of  the  riulial  pitn,  wliich  berome  narrower  from  above 
downwards.  The  inner  part  of  the  star  is  filled  up  with  calcareous  deposit,  oa 
a  oonsequenos  of  which  tne  rsdial  |Hts  are  also  dosed  below." 

There  are  several  points  to  be  noticed  in  the  above  description. 
In  the  first  place,  ScUuter  ia  hardly  correct  in  saying  that  **  many 
species  "  have  radial  pits.  It  is  true  that  thqr  occur  in  six  out  of  the 
cdevcn  fossil  species  mentioned  by  him  (induding  QUHOtremiiu 

*  "  Uebor  einige  asfvlide  Crinoidcn,"  Zeitsdir.  dsr  deutscheo  geolog. 
G' ^rllgcli.  .Talir-ang  1878,  pp.  28-fl6,  TsL  i.-iv. 

t  Op.  cit.  p.  -M. 
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(CoBimimicsfad    FtaC  P.  K.  Dansan,  F.1L&,  F.GJi,  &&) 
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paradoanis,  Goldf.),  but  they  are  wanting  in  three  others  (including 
G.  eonoideus),  while  we  know  nothing  as  to  their  presence  or  abeenoe 
in  the  two  venuuiiuig  spedee,  ainoe  their  oentrodonal  ineees  hare 
net  been  fonnd  detached  from  the  radials.  They  occur  in  the  three 
Tertiaiy  species  described  by  Edward  Forbes  ♦ ;  while  Quenstedt  f 
describes  them  in  Sol/tnocrinvs  scrohiculattts,  though  Schliiter  could 
not  find  them  in  his  own  8iK3cimcn  of  this  species.  I  have  met  with 
them,  or  their  equivalents,  in  three  fossil  species  that  I  shall  de- 
scribe fmiher  on,  though  not  in  a  fourth.  With  respect  to  fbssil 
Cbmotelv,  therofiife,  there  is  some  gromid  for  S6hlater''8  statement ; 
but  this  is  far  from  heing  tiie  case  for  the  recent  forms.  I  have 
dissected  the  calyx  of  thirty  species,  but  have  only  found  radial  pits 
in  three  of  them.  In  at  least  two  of  these,  viz.  Ay^t.  rosacea  {  =  A. 
etiropceus.  Grceff)  and  Ant.  cdtica^  their  presence  is  very  uneertain, 
and  in  the  third  (a  new  '  Challenger'  species)  they  are  of  a  very 
nnnsiiil  ehaxaeter.  On  llie  whole,  therefore,  they  are  not  so  fire- 
qoent  as  might  be  inlbned  Irom  Sdhliitei's  description ,  only  occurring 
in  sixteen  out  of  forty-seven  species  vhieh  have  been  examined  as 
to  this  point.  Then,  again,  these  pits  are  not  exactly  blind  B.iccular 
extensions  of  tlio  body-cavity,  but  merely  the  closed  and  slii^'litly 
expanded  ends  of  the  canals  which  are  enclosed  between  the  spout- 
like processes  of  the  rosette  and  the  axial  furrows  on  the  inner  faces 
ef  the  zadialst.  ISiese  axial  eniab  are  direelly  eootimtoos  with 
the  ventral  fnixows  of  the  skeleton  whieh  lodge  the  dorsal  portions 
of  the  ooeliao  canals  (parts  of  the  body-eavii  y.  it  is  true)  of  the  rays 
and  arms ;  and  if  their  dorsal  ends  are  not  filled  up  by  calcareous 
tissue,  aa  is  usually  the  case  in  recent  Comatulcp,  they  appear  as 
five  openings  near  the  centre  of  the  under  surface  of  the  radial 
pentagon.  In  any  case,  however,  these  openings  of  the  axial  canals 
are  dosed  by  the  ventaral  smlaee  cf  tiie  oentrodonal  piece  on  which 
the  radials  rest ;  and  this  smfaoe  is  sometimee,  hnt  zardj,  marked 
Ifj  the  five  radial  pits  oonespondiog  to  the  openings  (PI*  Y* 

fips.       8  a). 

The  last  sentence  in  the  ])assan;e  from  Schliiter's  paper  which  is 
quoted  above  scem5  to  imply  that  were  the  calcareous  tissue  removed 
which  fills  up  the  dorsal  star  (of  fossil  Comatulas)  internally,  the 
radial  pits  wonld  he  complete  perforations  thiongh  the  oentiodoxaal 
piece*  I  cannd  qoite  make  out  whether  Behliiter  believes  that  this 
was  erer  really  the  case.  If  it  were  so  (and  I  think  it  was  so  in 
Ant.  paradoxal  then  the  canalicular  extensions  of  tlie  ccrlom  w  hif  li 
end  blindly  in  these  pits  (or  sooner)  must  have  been  continued  down 
the  larval  stem  outside  the  vascular  axis  ;  for  this  axis,  as 
fcjchliitcr  himself  points  out,  contained  fivo  vessels  which  expanded 

*  "  EchinodermaU  of  the  Britiah  Tertiary  Pepositd,"  Palieontogr.  Soo.  1852, 
pp.  19.  20. 

t '  PetufimliulrnudePeuticMsadi/  Bsadir.  "1Miim>d«mwn,''p.  179,  Tat.  96. 

sg.  m. 

%  See  "On  the  GeniUilefjnofMAtt,* Trans. £inn. Soo. 2nd aer.  Zoology,  vol  ii. 
pp.  Tit  78,  pis.  4-<l.  }.  Q,  &  pi.  8.  fig.  3,  a.r.c,  a.i.c  ;  and  also  IF.  Lmlwig's  "  Bei- 
f  rage  zur  Anatomiv  der  Chnoideen,"  Zeitscbr.  f.  win.  ZooL  ikL  28,  Xaf.  six. 
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within  the  centrodorBal  piece  into  the  chambers  of  the  so-called 
'^hflort."  They  oaimot  ChflnAm  )um  entaved  the  loww  open 
endi  of  tiie  ndial  piti,  which  Tisually  lie  altogether  «mtBide  th«  oen- 

trodoTsal  cavity  (see  BchlUter's  deecription  of  them  in  AnL  Metzii, 
p.  44) ;  hut  thoy  must  have  entered  this  cavity  by  the  more  central 
part  of  tho  dorsal  star,  leaving  the  outer  ends  of  its  rays  to  the 
radial  extensions  of  tho  coQlom.  This  condition  may  possibly  have 
existed  in  such  forms  as  Ant,  MenUghbota  and  Ant.  Jieizii,  which 
soemto  have  ntatned  their  item  till  %  late  period  of  gwwtii, 
like  the  recent  Ant.  SartUf  aa  there  is  a  very  large  dorsal  star. 

Bnt  other  loeiil  apeoifie,  noh  as  Ant.  Uttentit  and  Solanoormut 
terohieuhtus,  resemble  recent  Comatulo'  in  retaining  no  permanent 
traces  of  tho  attachment  of  a  stem.  Wo  may  conclude  from  this 
that  tho  separation  from  their  stem  took  place  at  an  earlier  period 
of  development  than  in  the  case  of  A,  Bstui,  &c.  for  such  forms 
as  these  Sohliitei^a  statement  doea  not  hold  good;  the  ekNrare  of 
their  radial  pits  below  does  not  result  from  the  obliteration  of  tiie 
original  dorsal  star.  Thus  in  A)U.  rosacea  this  star  disappears  at  a 
xery  early  perif>d  of  growth,  long  before  cither  it  or  tho  controdorsal 
piece  itself  reaches  any  thing  like  the  size  that  thoy  have  in  A.  semi- 
globosa,  A.  lletziif  or  A.  paradoxa.  This  is  well  seen  in  pi.  xli. 
fig  2  of  Dr.  Carpenter's  memoir*  on  this  type.  The  dorsal  star  is  a 
iDUrate  opening  in  the  floor  of  the  wide  basin-like  oavity  of  the  im- 
mature oentrodorsal  piece,  the  side  walls  of  which  bend  inwardi 
Yery  slightly  at  the  points  where  the  radial  pits  would  subsequenily 
np])oar.  The  calcareous  tis^^ue  which  closes  the  dorsal  star  in  the 
coutro  of  the  flof»r  of  (his  cuvity  must  therefore  1)0  entirely  distinct 
from  that  underneath  the  later-devulopcd  radial  pits,  which  is  a  pait 
of  its  side  waQs.  Were  this  absorbed,  and  the  pits  thereby  rendered 
snffidently  deep  to  perforate  the  lower  eoifiMe  of  the  eentrodonal, 
they  would  do  so  between  the  ends  of  the  rays  of  the  dorsal  star 
(supposing  it  to  persist)  and  the  circumference  of  the  plate ;  and 
'the  union  of  such  openings  with  the  rays  would  pive  the  appeGj:- 
ance  of  a  relatively  large  star,  just  as  in  yl.  semiylohom.  There  are 
other  fossil  species,  such  as  Ant.  txdcata  and  AtA.  NiiUeri  (PL  Y. 
fig.  6),  which  resemble  most  recant  CTeaiafulis  in  having  neither  radial 
-pits  nor  dorsal  star  on  the  oentrodorsal  pieoe. 

Sobliiter's  description  of  Ant.  Imttcuhm's  contains  the  following 
pa88n<ro  (p.  46): — "  The  dorsal  polo  is  slifrhtly  concave  and  shows  a 
small  distinct  star,  which  indicates  the  presence  of  radial  pitf»  on  the 
upper  surface  of  the  oentrodorsal."  On  p.  48  he  points  out  that 
there  is  no  dorsal  star  in  Ant.  italica^  but  only  a  simide  round  hole. 

The  nutritive  canal  of  the  stem  was  there&re  not  lobate,  as  in  A. 
teniteuUmSt  hut  round,  which  also  points  to  the  abeenoe  of  radial 
pits." 

The  last  sentence  refers  to  the  shape  of  the  openiug  in  the  middle 

of  the  up]ier  surface  of  the  controdorsal  piece,  which  was  formerly 
regarded  as  the  nioutli.  It  surrounds  the  upper  ends  of  the 
chambers  of  tho  so-called  "heart,"  which  occupies  the  central 

•  PbiL  Traus.  ISGO,  vol  loO. 
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cavity  of  tho  piece  or  the  heart-pit (SchliU)er),  tho  "nntritiYe 
mnal"  of  Gdldfasa  and  GeinitE*.  Enm  tbii0  obamlifln  thm  mm 

up  the  **aadBl  prolongation"  (Br.  Gafpenter)  or  dorao-Yiiitral 
Tascular  axis  **  (Ladwig)  on  ite  way  to  enter  the  visceral  mass  and 
to  join  the  oral  vascular  ring.  The  above-mflntioped  opaiuilg  nuif 
therefore  be  termed  the  "  axial  opening." 

Now  I  entirely  fail  to  why  the  presence  of  a  simple  round 
hoiu  ou  the  under  surface  of  the  oentrodorsal  of  A,  italiea^  instead  of 
tiwuidiBaij  ■talkto  psffitntion,  ahodd  detanniiid  the  xonndnea*  of 
ilw  upper  axial  opsniuf.  1^  the  first  plaoe^  tbe  expaiidad  eivilj 
(nutritive  canal)  bdging  the  chambered  organ  is  not  neceeearily 
lobate,  like  the  perforation  in  its  floor ;  and,  secondly,  the  shape  of 
the  axial  opening  is  not  necessarily  that  of  tho  nutritive  canal  into 
which  it  leads.  Thus  in  A,  ro&actii  the  oentrodorsal  cavity  has  a 
rounded  pentagonal  or  decagonal  ihape,  but  its  upper  opening  ia 
frequently  ooaatrieted  end  rendeied  lobete  (mere  so  tlin  in  any 
£aaBil  ipeoiee)  by  the  five  projections  of  its  lip  that  lodge  the  radial 
pits.  Further,  eyen  if  tliere  be  a  round  axial  opening  in  A.  italicaf 
it  does  not  necessarily  follow  that  the  radial  pits  are  absent  as 
Schliiter  supposes.  Neither  does  tho  presence  of  a  stellate  opening 
(now  closed  internally)  on  the  lower  surface  of  the  oentrodorsal  of 
A.  lenticular  is  necessarily  invdhre  the  preaenoe  of  radial  pits  oB,  ils 
upper  surface.  In  tiie  latter  case  fieUUtei^B  aigument  woold  seem 
to  be  as  fellows: — 

1.  Because  there  was  a  stellate  dooal  opening  then  was  • 
"lobato  nutritive  canar'  (ventral). 

2.  Becauvso  tiiere  was  a  lobate  uatritive  canal there  were  radial 
pits  around  its  border. 

Tho  first  proposition  is  parallel  to  that  alree^  ocnsideied  wifli 
lef  eranoe  to  A.  iidUca^  like  which  it  does  not  appear  to  me  to  be 
Beoessaiily  true.  The  chief  difficulty  whidi  I  feel  about  accepting 
it  is  the  great  variability  in  tho  shape  of  tho  axial  opening  of  A, 
rosacea  and  A.  celtica,  which  m;iy  be  circular,  pentnironal,  decnp;onal, 
as  in  Ant.  esi<  ntti'^is  and  Ant.  tourtict;'^,  or  iiu^ro  iiiarkoflly  r)-lobed. 
The  stellate  dorsal  opening  of  these  forms  is  obliterated  so  very 
early,  that  it  would  be  hardly  fsir  to  haae  any  aignmont  upon  its 
ihi^  But  in  QlmafiMmUtt  (u1»Im2o»)  jMi^u^banit  tibe  ateUate  donal 
opening  persisted  tl^ough  life  aa  in  some  other  fbsail  species.  We 
do  not  find,  however,  that  there  was  always  an  axial  opening  of 
eonespondiiig  shape.   Thus  in  one  of  the  specimens  figured  by 

*  Neither  of  these  names  is  a  good  one.  The  latter  is  a  rdio  of  the  days  of 
IfiUer  Bod  Gcrfdfuss,  when  tho  stem  was  believtxl  to  oontam  a  prolongation  of 
tlic  nlinientarj-  cinal ;  while  the  lormcr  is  based  ou  tho  erroneous  idea  that  tho 
chambered  organ  is  a  heart.  The  second  naino  is  atony  rate  tho  inui-e  prc  lerable 
of  tbe  two ;  for  the  stem  does  eacloae  a  vascular  axis  proceeding  downwards 
from  the  obsmbeted  organ,  wbidi  is  aa  in^rtaat  part  of  the  blood-Taaoular 
qraiein* 

t  Tbe  tenni  deeaaonal,  lobate,  and  five-lobed  appear  to  be  used  indilFenmfl j 

bj  Sdllfttar.    Thusnc  places  A.  fourfuP,  wh\ch  he  dp?rribos  as  hnving  a  docn- 

gonal  openings  in  the  group  "  Comaiuia  with  radial  pits  and  a  iiTo-lobed 
opsniog. 
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GoUflias  (Ta&  IL  fig.  1)  it  is  decagonal,  almpst  wliat  Schl&ter  would 
eaU  lobate ;  in  tlie  otliar  (TtL  ^ix.  fig.  9e)  it  is  only  pentagonil 
80  that  In  fbesil  as  well  as  in  recent  Comatulas  the  shapo  of  tbe  axial 
opening  was  not  constant.  I  do  not  think,  therefore,  that  any  cor- 
relation can  bo  established  for  A.  lentictdariSf  any  more  than  for 
A.  iialica,  between  tho  shapes  of  the  two  openings,  dorsal  and 
ventral,  in  tho  axis  of  the  centrodorsal  piece. 

Wluit  I  take  to  be  the  seoond  part  of  Soblfitei^a  aignment  leeiiia 
even  more  nnaatisfactory  ikan  the  fint;  ftr  altiiong^  in  reoent 
Cfomatulas  a  lobate  axial  opening  generally  does  have  radial  pita 
around  its  border,  yet  this  is  not  always  the  case,  and  the  pits  may 
occur  round  a  jientagonal  opening,  as  iu  the  fossil  A.  paradoxa,  while 
iSchl liter  himself  records  that  they  may  bo  sometimes  present  and 
sometimes  absent  in  ISolanocriniM  scrohiculatus,  just  as  I  have 
fonad  to  be  the  case  in  A»  rotacM  and  A,  edUea,  The  oeoozrenoe 
of  anoh  yariationa  aa  these  taUa  atrong^y  against  Schltit6r*B  im^oaed 
daasifioation  of  the  fossil  Comatxdo!.  Ho  divides  them  into  two 
gn"oups  according:  as  they  have  (A)  radial  pits  and  a  5-lobed  axial 
opening,  or  (IV)  no  radial  pits  and  an  undivided  opening.  "NVero 
recent  ComatuloB  classified  thus,  A.  rosacea  and  A.  cdtica  would 
appear  iu  both  groups,  while  some  individuals  with  lobate  or  decago- 
nal opsninga  but  no  pits,  would  find  a  jplaoe  in  neither ! 

Alihong^  not  constant  in  their  oocoirence,  the  radial  pita  of  ^Sbmb 
two  speoiea  are  peculiar  to  them  among  all  the  recent  CovMitida  I 
have  examined.  In  no  other  species  have  I  found  any  thinp  exactly 
like  them.  They  are  not  parts  of  the  generally  concave  surface  of 
each  radial  area,  but  bave  diistinct  peripheral  borders*,  marking  them 
off  from  these  surfaces.  They  have  a  precibclj  similar  appearance 
in  Ant.  rotvnda  (PL  Y.  fig.  5  a),  except  that  they  are  a  tr^  deq»er 
and  more  distinct  than  in  A.  rosacea;  bnt  they  have  nothing  like 
the  relative  size  of  the  radial  pits  in  most  of  Schlnter'a  speoieB. 
Besides  A.  romcea  and  A.  cdtica,  I  only  know  of  one  other  recent 
Comdfula  in  which  radial  pits  occur  ;  but  their  shape  is  very  peculiar. 
The  axial  opening  is  bluntly  lobate,  and  the  pits  are  situate  at  five 
points  on  ite  projecting  lip,  or,  rather,  their  central  ends  are ;  for 
tlicy  bifbreate  and  extcoid  ontwards  ao  aa  to  occupy  the  best  piut  of 
each  radial  area,  ending  a  little  inside  its  maigin.  This  fcatoie  ia 
of  some  interest ;  for  in  one  of  Goldfuss's  two  figures  of  A.  paradosM 
(Taf.  xlix.  fig.  9  c)  all  tho  radial  pits  show  a  tendency  to  bifurca- 
tion at  their  outer  ends,  two  of  them  especially  so.  Tho  same  is 
the  case  in  our  English  example  of  this  species  (PL  V.  fig.  1)  and 
in  A^.  (Umormit  (PI.  Y.  fig.  8a). 

I  have  shown  efsewheref  that^  omitHng  the  UtHe-known  Cwmufer 
of  Goldfuss:t>  ^ho  recent  Comatuke  may  be  referred  to  three  well- 
marked  generic  types,  viz.  Antedon,  Aetmomeira,  and  Promacho- 
ortnus.  Loven's  Fhanogenia  is,  I  believe,  only  an  aberrant  AaimO' 

*  "Actiwmuirtt"  pi.  4.  fig.  1.5,  g. 

t  "  Preliminarv  Rqx)rt  upon  the  ComtUuia  of  the  'GhaUencer '  Espeditioo," 
Proc.  Koy.  Soc.  lio.  iy4.  1871),  p.  385. 
X  Joum.  J^axL  Soe^  ZoolQgjr,  vol.  xiii.  pp.  451-4(i& 
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metra,  wWle  I  do  not  think  that  Scmpcr's  OpJn'onnmis,  with  only  fivo 
arms,  can  be  regarded  as  more  than  a  subgenus  of  Antedon,  with 
which  it  is  eimilar  in  all  respects,  excepting  the  absence  of  division 
in  its  rays*.  The  same  variation  occurs  in  the  ten-rayed  BnauuAo' 
mticr,  one  speoieB  haying  ^nty  aimt  and  othen  bat  ten,  as  the  laya 
do  not  divide.  The  characters  of  the  ccntrodoraal  piece  and  calyx  of 
Ophioerinut  are  essentially  those  of  an  Antedon,  with  which  type  it 
also  agrees  in  the  central  position  of  its  mouth  and  the  absence  of  a 
terminal  comb  on  the  oral  pinnules  f. 

Actinoinetra  differs  from  Antedon  in  several  important  characters. 
The  mouth  is  ezcentrio,  the  amlndaera  imequal,  and  the  oval  pinnnleB 
loovided  with  a  tenninal  comb.  These  are  not  eharacters,  however, 
which  could  be  of  any  palsBontological  value ;  but  many  such  are  to 
be  found  in  the  peculiarities  of  its  calyx.  I  have  already  referred 
to  this  subject  elsewhere  X',  thoup^h  not  systematically  enough  for 
palacontological  purposes.  T!io  following  descriptions  of  the  contro- 
dorsal  piece  and  calyx  of  Antedon  and  Actimmetra  are  based  upon  a 
peiBoiialeaaamnation  of  the  external  dharaeten  of  om  200  spedes  of 
reeent  C&matidm^  and  upon  dose  eomparison  of  the  dissected  oalioes  of 
eighteen  species  of  Antedon  and  eleven  of  Aeiinomeira,  I  trust,  theie- 
fofe,  that  they  mny  be  regarded  as  having  some  systematic  value. 

The  centrodorsal  piece  of  Antedon  is  extremely  variable  in  ita 
appearance.  It  may  have  the  shape  of  a  shallow  basin  or  a  hemi- 
sphere, either  complete  or  flattened  at  the  pole ;  or  it  may  be  conical 
either  perfectly  BO  or  more  or  less  tnmoated ;  or,lastly,it  maybesune 
or  less  distin^y  columnar.  Occasionally  it  is  a  thick  disk,  almost 
thick  enough  to  be  called  columnar,  with  well-marked  ujoight  sides, 
to  which  the  cirrhus-sockets  are  limited,  the  whole  (or  nearly  the 
whole)  of  the  dorsal  surface  being  jfrce  from  them.  This  is  the  ease, 
for  example,  in  A,  brasiliensis  and  A.  macroniema. 

Ab  a  rule,  there  are  at  least  two  and,  generally,  three  or  more 
loweof  drrfaas-eoeketsy  alternating  in  some  spedes  (PI.  Y.  figs.  4, 5), 
hot  yertiea%  ahore  one  another  in  others ;  while  though  there  may 
be  a  large  central  space  free  from  them,  it  nearly  always  shows 
traces  of  partially  obliterated  sockets,  which  are  lardy  found  in 
position  in  Actinoinetra  (PI.  V.  figs.  <l.  S). 

The  outer  faces  of  the  radiuis  of  Antedon  are  always  much  inclined 
to  the  vertical  axis  of  the  cal^TC  (PI.  V.  fig.  4).  They  are  usually 
mneh  wider  at  their  dorsal  Aan  at  their  ventral  ends,  havuig  a 

*  Sehliiter  (p.  40)  seems  to  be  sceptical  about  O^hiocrinua  with  its  "  quite  un- 
dl^ded  tmis  tHiich  are  aid  to  start  direeCly  from  the  centrodorsaX  a  foot  that 
mUier  wante  a  cloMr  pxaminatioii."  As  all  the  recent  (^xnmples  of  this  lype 
whidi  are  known  to  science  (including  Semper's  original  specimen")  arc  in  rny 
hands  at  present,  I  can  speak  positiYely  as  to  its  charnctorn.  Do  Loriol's  dis- 
coreiy  of  a  fossil  spedes  in  the  Urgonian  of  Switzerland  (Denksolir.  d.  ullg, 
sofaweis.  Gesellsch.  f .  d  ges.  l(atanr»  £d.  23,  Zurich,  1609,  pp^  67-M)  kiof 
eonaiderablo  interest. 

t  In  one  of  the  '  ChftUenger '  Antedom  only  four  rayt  difide  ont  of  the  fire, 
fho  fifth  romnining  simple  and  undivided,  as  ia  the  caa<>  with  a^/therajHof 
Opkiocrinm.  This  is  a  strong  argument  against  the  separatioa  of  Ophiocrinm 
lirom  iMtfbis  M  a  diitiiiot  oBiierio  tm 

I  »4fitmmeln:*  op.  dt,  pp.  61, 76, 81-81. 
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trapexoida]  form ;  and  the  opening  of  tho  oentral  limnel  whioli  is 
bopnded  by  their  upper  edges  is  veiy  nanmr,  their  Temtrel  sorfiueB 
being  very  small  and  having  a  ateep  inward  slope.  Henoe  when 
the  calyx  is  viewed  from  above  (PI.  V.  fig.  4  a)  the  greater  part  Of 
even  the  whole  of  these  inclined  external  faces  is  visible,  always 
down  to  the  opening  of  tho  central  canal  in  the  transverse  articular 
ridge,  and  sometimes  even  the  dorsal  iossx  for  tho  utlachmentuf  tho 
elaado  ligament.  Host  AnUdont  have  large  muscle-plates,  which 
greaUy  increase  tiie  height  of  the  distal  faces  of  ttie  radi^  In  most 
species  they  are  simply  continuations  of  the  general  straight  line 
of  each  face ;  but  in  a  few  cases  {A.  celtica^  A.  Enchrichiiij  and  a  feir 
others)  they  aro  set  on  at  an  angle  to  the  dorsal  half  of  the  face,  and 
stand  up  vertically  around  the  opening  of  the  central  funnel.  Tho 
muscular  fossue  lodged  in  these  plates  aro  separated  from  those  for 
the  attachment  of  the  interartioular  ligaments  by  ridges  which  start 
from  the  raised  rim  around  the  opening  of  the  oentral  oanal,  and 
usually  run  more  or  less  obliqoely  outwards  to  meet  the  sides  of  the 
radials.  They  aro  occasionally  somewhat  curved  upwards,  as  in  A. 
Eschrkhtii^  and  still  more  so  in  some  spcKsimens  of  A.  brasiliensis  and 
A,  rosacea  (compare  fig.  1  A,  on  pi.  xxxvi.  of  Dr.  Carpenter's 
memoir,  with  pi.  iv.  fig.  14  of  my  memoir  on  Actinonietra) ;  while  in 
one  *'  Challenger  *  species  (from  Station  212)  they  run  almoat  yerticaUy 
upwards  for  some  little  distance,  and  then  curve  outwards,  so  that 
the  siia  of  the  muscular  fosssB  above  them  is  considerably  reduced. 
The  two  muscular  fossae  on  each  articular  faco  aro  either  separated 
by  a  strong  vertical  ridge,  which  ends  below  in  the  prominent  trian- 
gular rim  around  the  opening  of  tlio  central  canal,  as  in  A.  ccUicay 
A.  Esihrkhtii^  and  A.  m^uimaryinata  (i'l.  V.  fig.  4),  or  more 
rarely,  A.  rosacea  and  A.  ptisca  (PI.  V.  fig.  7),  there  is  a  narrow 
inteimuscalar  furrow,  which  dies  out  below  as  it  approaches  the 
ahove-mentioaed  rim. 

As  with  tilie  centrodorsal,  so  witli  the  radials  of  A.  brasilUntU 
and  A.  viacromema,  which  differ  slightly  from  those  of  other  Aufe- 
dom  in  the  following  points.  There  is  much  less  dili'erenoo  than 
usual  between  the  width  of  tho  upper  and  lower  ends  of  the  distal 
faces,  which  are  comparatively  low,  so  that  their  long  axes  are  hori- 
zontal, and  not  Torti^  as  is  usually  the  case.  Consequently  the 
centro  of  the  upper  surface  of  the  calyx  (especially  in  A.  macro- 
cnema)  is  occupied  by  a  >\ide  funnel,  the  walls  of  which  are  formed 
by  the  ventral  surfaces  of  tho  radials. 

A.  hrastlimsix  hfis  fairly  large  muscle-plates :  but  they  are  quite 
small  in  A.  mai-roauma,  and  the  ridges  separating  the  muscle-  and 
ligameut-fbfiss  are  so  slightly  oblique  as  to  he  almost  horizontal, 
though  their  origin  from  the  prominent  and  large  lim  of  the  central 
canal  is  very  marked.  In  each  case,  however,  the  general  appear- 
ance of  the  c[ilyx  is  much  more  that  of  the  Ant€il<m  than  ot  the 
Actinometm  typo. 

Tlie  centrodorsal  of  Aclinnmdra  (PI.  V.  figs.  fi,  and  fig.  in 
p.  51 )  is  nearly  always  (so  fur  as  my  knowledge  goes)  alow  lial  toned 
pentagonal  disk  with  one  or  ooeasionally  two  rows  of  cirrhus- 
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•odcebi  on  ite  sloping  sidee,  whila  tha  irlibto  of  ili  tonl  nii&oe  u 
OBOofh,  wifthoot  any  tmM  ef  sooketi.  Ooouiimally,  howemr,  tha 

centrodorsol  is  rather  more  convex,  and  only  its  flattened  apex  ii 
fifee  from  cirrhi,  though  this  occupies  a  relatively  larger  area  than 
in  most  AnUdons.  The  distal  faces  of  the  radials  are  nearly  or 
quite  parallel  to  the  vertical  axis  of  the  calyx,  and  also  nearly  or 
quite  as  wide  at  their  upper  as  at  their  lower  euds.  The  veutrai 
laoea»  whieii  in  Aiitiikdm  bavo  a  steep  inwiid  slope,  an  almoafc  hoii- 
jBonftal  in  jlfllMoiiMAw,  dapii^  yvj  gently  inwaids  towaids  the  oen* 
tral  spaoe.  '  Ueuce  the  opening  of  the  fhnnel  beoomes  widely  ex- 
panded, and,  when  the  radial  pentagon  is  viewed  from  above,  little 
or  nothing  is  seen  besides  the  proper  ventral  faces  of  its  component 
radials.  All  the  species  of  Actinometra  which  I  have  examined 
have  smaller  muscle-plates  than  those  of  any  AtUedon  except  A, 
nmanamtOt  ao  that  the  distal  iSMsa  of  the  radials  aie  jvj  low  and 
the  musoolar  foass  qoite  ineens^nona.  They  are  separated  item 
the  ligament-fossffi  hy  very  prominent  ridges,  which  are  either  hori- 
zontal or  curved  slif^htly  upwards.  Tliose  start  from  the  sides  of 
the  radial,  run  inwards  towards  the  middle  line,  and  then  turn 
downwards  so  as  to  leave  between  them  a  wide  furrow  which  gra- 
dually dies  away  below,  with  the  disappearance  of  its  bounding  ridges. 
The  only  Antedon  I  know  which  presents  iiBatares  at  all  reaemhling 
these  is  the  anomabus  *  Challenger'  speciea  tnm  Btatian  812.  The 
amDp:ement  of  the  ridges  is  essentially  the  same  as  in  AoHnametra, 
though  the  shape  of  the  distal  faces  of  the  radials  is  somewhat 
ditferent.  No  Acihuymetra  has  the  distinct  rim  on  the  ventral  side 
of  the  o])ening  of  the  central  canal  that  exists  in  all  AnUdom,  in 
which  the  transverse  articular  ridge  rises  up  round  the  opening  as  a 
prominent  triangular  rim. 

There  is  one  sbgular  type  of  fossil  Omaivilm^iSbib  Jnraaiio  gemia 
B6lwoeriMM9t  Goldfoss*,  whioh  has  been  long  regarded  as  distinct 
from  the  recent  forms,  owing  to  the  appearance  of  basal  pieoea 
on  the  exterior  of  the  calyx.  JSchluterf  merges  ISohinoerxnus' in 
Aniedon ;  for  ho  does  not  regard  the  difference  between  the  basals 
of  the  two  types  as  of  generic  value.  In  the  first  typo  they  are  ex- 
temaly  while  in  tiie  seoimd  they  are  eoiioealed  and  metamorphosed 
into  a  rosette,  having  been  relatively  large  and  distinct  during  an 
earlier  stage  of  devdopment.  On  this  subject  fidiliiter  remarks:^ 
"1  have  never  yet  seen  this  rosette,  as  basals  are  present  in  all  the 
species  which  I  have  examined.''  Here,  of  course,  he  means  basals 
like  those  of  ^olamcrinm^  which  appear  on  the  exterior  of  the  calvx 
betwceu  the  radials  and  the  oentrodorsal.  He  describes  eight  new 
spedes,  five  of  which  are  based  on  the  characters  of  the  oentrodorsal 
piece  only ;  and  it  is  therefore  only  an  assumption  on  his  part  that 

baaalia  ?  were  present  in  those  five  species.  At  the  tune  SchlUter's 
paper  was  writt<'n  this  assumption  was  ]>erfoctly  justifiable,  in  fhct 
the  only  one  which  could  be  made  under  the  circumstances.  It  was 
based  on  the  fact  that  the  only  Conuiddir-,  besides  GU  aotrtmites^ 
with  interradial  grooves  on  the  ventral  surface  of  the  centrodorsal 
*  'PetBSfiMU  Oennaniie,'  i.  p.  166.  t  Op.  cU,  pp.  ao,  4'J. 
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which  were  known  at  that  time  were  the  various  species  of  SolatKh 
ermitf*,  the  0o-«a]l6d  OcnuuUrf  <tf  LnndgTen,  and  tbe  three  small 

oentrodorsal  pieces  described  hy  Edward  Forbes^  from  the  Ckiralline 
Crag.   These  laati  having  no  calyx  attached,  proved  nothing  either 

way.  The  same  was  the  case  with  the  isolated  ccntrodorsal  piece  of 
Glemtremites,  the  iiitrrradial  grooves  on  which  were  described  as 
"ambulacra"  by  Goldfuss,  and  as  sockets  for  the  attachment  of  the 
arms  by  Agassiz,  Homer,  Fictet,  and  Gcinitz.  Their  real  nature  as 
enif  aces  of  attachment  for  the  baaala  waa  firat  made  dear  by  Lund- 
gren§.  The  so-called  Comaster,  discovered  by  Schliitcr,  and  first 
deacribed  by  Lundgren,  has  a  centrodorsal  with  all  the  characters  of 
Glenotremites,  viz.  a  more  or  less  distinct  dorsal  star,  and  on  tho 
ventral  surface  radial  pit«  separated  by  interradial  grooves,  Oiio 
specimen  retaining  tho  calyx  attached  to  tho  ccntrodorsal  piece 
resembles  Solanocrinns  in  the  presence,  above  the  interradial  angles 
of  the  oentrodorsal,  of  external  basala  which  obyiously  occupy  the  in- 
terradial groovee  on  its  ventral  surface.  Here,  then,  is  tho  real  rac* 
planation  of  the  "ambulacra"  of  Ghnofirnv'tes  and  Schl liter  was 
naturally  entitled  to  suppose  that  all  the  C'»('f/"/'i^  described  Itybim 
with  these  interradial  grooves  had  corresponding  cxteniiil  baaals 
like  those  of  Comaster  {AnUdon)  lietzii,  and  presumably,  therefore, 
no  rosette. 

It  is  noteworthy,  howefer,  that  in  A,  l^iUkularU  and  A»  Haliea, 

two  out  of  the  three  species  with  tho  calyx  preserved,  Scbliiter  had 
some  difficulty  in  detecting  the  presence  of  external  basals.  In  theoase 
of  A.  Unticularis  ho  can  only  describe  them  as  apparently  showing 
themselves  in  two  places,  beneath  the  sutures  of  tlie  united  first  ra- 
dials ;  while  he  neither  describes  nor  figures  them  in  A.  italica^  though, 
since  he  says  they  are  present  in  all  tho  fossil  species  examined  by 
him,  it  is  to  be  supposed  that  they  exist  in  this  one.  An  analogous 
case  to  that  of  Schliiter^s  qiedmen  of  A.  lenticulari$y  viz.  basals 
appearing  externally  at  some  of  the  angles  of  the  calyx,  but  not  at 
others,  will  be  noticed  further  on  in  A,  aquimarginata  (PL  Y. 
fig.  4). 

The  variations  are  perfectly  explained  by  what  is  now  known 
respecting  recent  CmahikB.  I  pointed  out  in  1877 1|  that  in  some 
species  of  Actinometra  the  Tosetto  is  connected  with  five  prismatic 

or  cylindrical  rods  that  lie  in  a  stellate  scries  of  interradial  grooves 
(the  basal  grooves)  on  the  ventral  surface  of  the  centrodorsal  piece. 
"  These  five  rods,  to  which,  taken  togctlier,  the  author  lias  pven  tho 
name  of  the  basal  star,  vary  very  greatly  in  tlie  dcgrco  of  their 
development,  not  only  indiiiereut  species,  but  in  diifercut  individuals 

*  Goldfuss,  it  is  tnip,  pays  nothing  about  Fiich  fjrooTPS,  but  niorclv  speaks 
of  the  baualii  us  articulated  on  "fiiiif  Btrahleufurmigo  Erhabenheiten/'  These 
intermdial  •leratioiis  were*  however,  grooredas  in  recent  Comatula.  Quenatedt 
(•  Echinoderraen,'  p.  173)  deecribcs  them  as  "gefurchto  Strahlen." 

t  "  Oin  fn  Comaster  och  en  Apft/chus  friin  Ki'ipinpo."  Ofvrrsipt  af  KoOgL 
Vt'tensk;i|is  Akadcinions  Furluindlingar,  Stocliholiu,  1874,  No.  li,  p.  01). 

X  "Echinodmnataof  the  British  Tertiaiy  Deposit^**  Palratogr.  Soe.  1862, 

pp.  n\  2<\ 

§  Op.  cit.  p.  66*  i  Joum.  Linn.  Soc.  loc.  dt,  p.  452. 
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of  tho  same  species,  and  to  some  extent  also  in  the  same  individual. 
The  reason  of  this  is  that  these  rods  are  not  calcifications  in  a 
nucleated  protoplasmic  network  like  the  other  pieces  of  the  skeleton, 
Imt  thejr  m  simply  iomad  by  a  mom  or  Urn  oompleto  depontioii 
of  etXeuemm  matter  in  the  fire  mtemidial  planes  aionnd  the  fibres 
of  eonncctiTe  tissue  which  effect  the  synostosis  of  the  oentrodorsal 
piece  with  tho  pcntnj^onal  base  of  the  calyx."  At  the  same  time  I 
drew  attention  to  tho  striking  resemblance  between  the  basal  rays 
o£  Actimmetra  and  the  basals  of  Solanoci-inun,  noting,  however,  an 
important  point  of  diflference  between  tho  two  structures,  viz.  tho 
appeoranee  of  the  latter  on  .the  exterior  of  the  calyx,  bat  the  oomplete 
eonoeolment  of  tlie  bssal  rays,  as  well  as  of  the  rosette,  in  those  four 
species  of  Adinonutra  which  I  had  then  examined. 

During  tho  past  two  yeai^  I  have  dissected  the  calicos  of  a  con- 
Bidcrable  number  of  Comatuhe  (2G  species),  and  I  have  found  the 
basal  rays  to  be  always  present  in  Actinonutra^  and  generally  so  in 
Antedon^  the  European  species  and  Ophiocrinxis  being  the  exceptions. 
I  have  also  discovered  tluit  In  some  »w  species,  bo£  of  .^ntMfon  and 
of  AfitnmMlTa,  the  basal  rays  do  appear  upon  the  exterior  of  the 
calyx,  as  in  the  fossil  Ant.  Hdzii  and  Ant,  igmigUhoia.  Had  I  not 
known  from  actual  examination  that  those  recent  species  have  a 
concealed  rosette,  I  should  of  course  have  regarded  tho  visible  ends 
of  their  basal  rays  as  the  unmetamorphosed  embryonic  basals,  and 
as  homologous  with  the  similarly  placed  basals  of  Pentacrinus  atteria. 
This  Isy  in  lEseti  the  vieir  wUeh  I  have  expressed  withrespeet  to  the 
basals  of  SoUmoenmu ;  bnt  the  extraordinary  resemblanee  between 
the  calyx  of  Ant.  macrocnema^  from  %dney  Harbour,  and  tiiat  of 
S.  cosiutns  has  led  me  to  doubt  its  truth.  The  question  is  one  of 
great  interest,  but  is  beyond  the  limits  of  this  paper.  I  am  giving 
it  my  best  attention,  and  hope  ere  long  to  arrive  at  a  definite  con- 
clusion respecting  it.  It  is  sufficient  at  present  to  notice  that  tho 
yptf^A*  of  basal  grooves  on  the  oentrodonal  does  not  necessarily 
imply  the  presence  of  external  basols  and  the  absence  of  a  rosette, 
as  is  supposed  by  Schliiter.  In  some  species  both  are  present,  and 
in  others  only  the  rosett<%  so  that  it  is  comparatively  unimportant 
whether  there  arc  external  biisals  or  not  in  Ant,  italica.  I  imagine, 
however,  that  a  resctte  is  certainly  present,  as  in  all  recent  Comatulie. 

I  have  referred  already  to  the  curious  difierenees  in  the  degree  of 
development  of  the  baral  rays,  not  only  in  the  seme  species,  bnt 
also  in  the  same  individual.  These  arc  very  marked  in  some  of  the 
new^'GhaUenger"  Comatuhr,  which  may  have  three  of  Uie  rays  reach- 
ing the  outer  surface  of  the  calyx,  while  the  others  are  invisible  ex- 
ternally, as  in  most  recent  C")iuififUr.  This  is  n  parallel  case  to 
Schliiter's  specimen  Ant.  Untu  ularis,  which  ha^  only  two  visible, 
and  to  a  new  fossil  species.  Ant.  aqui mar ff  inula  (PL  Y.  fig.  4  c),  tho 
unique  specimen  of  which  in  the  British  Musenm  shows  tibe  ends  of 
three  or,  possibly,  four  of  its  basal  rays  on  tho  extent  of  the  cslyz. 

I  may  mention  ]u  re  that  these  basal  rays  also  appear  ezter- 
nally  in  my  single  ((lissectcd)  specimen  of  Promachocrinns  Jeer- 
jfucUniU,   There  ore  ten  radiuls,  five  of  which,  alternating  with  the 
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others,  are  separated  from  the  centrodor^^al  by  the  small  triangtilar 
ends  of  the  basal  raya.    Tlic  prroise  nature  of  tlieso  "  interradial 
radials  "  puzzles  me  a  good  deal,  and  i  prefer  for  the  present  to  reserve 
my  judgmeiit  about  tiEem. 
hBt  OS  now  piM  on  to  Iho  OomaHilm  irliioh  I  liate  to  dowribe* 

1.  Antkdon  I'AKADOXA  *,  Goldf.  sp.    Tlato  V.  fig.  1. 

Glenotrcmites  paradoxutf  Goldf!.  Petref.  QermaniflB,  L  p.  169,  Taf* 
xlix.  fig.  9,  Taf.  li.  fig.  1. 

AnUdon  paradoamSf  Schluter,  ZeiUch.  d.  doutsch.  geoL  GeMillBch. 
1878,  p.  42. 

The  Museum  of  Practical  Geulogy  contains  two  speounens  of  a 
Chalk  Comaiula  which  agrees  very  dosely  with  QUnotrmnUeB  para~ 

dooms  as  described  by  Goldfuss  and  Sdiiiiter.  The  oentfodorsal  is 
hemispherical,  with  a  deepish  hollow  at  the  pole.  The  bottom  of 
this  hollow  is  occupied  by  a  five-rayed  impression,  which  is  far  mord 
distinct  in  the  smaller  Bpccimen  than  in  tho  larger.  The  cirrhus- 
sockets  are  in  10  vcrticjil  rows,  each  row  consisting  of  2-4  socketa 
more  or  less  alternating  with  those  of  adjacent  rows.  The  characters 
of  the  soeketi,  as  described  by  Goldfbss,  are  rather  peenliar.  They 
are  pierced  in  the  centre  by  an  oval  hole,  which  has  a  slight  elerafioa 
at  each  side,  and  is  apparently  only  absent  from  a  few  of  the  upper- 
most pits  [t.  e.  Bockots^.  The  remainiiip;  mirface  of  the  pits,  as  far 
as  their  margin,  is  marked  by  very  fine  grooves,  which  here  and  there 
are  continuous  with  those  of  the  adjacent  ones."  Very  similar 
cirrhus-sockets  occur  in  some  of  Schluter^s  new  spedes,  but  only  in 
the  Cietaoeons  ones  $  and  even  in  these  the  central  perforation  has 
not  the  oval  or  keyhole-shape  that  it  has  in  A.  paradoxa^  and 
another  species  {A.  rvgota)  from  the  English  Chalk,  which  1  shall 
describe  immediately. 

The  basal  grooves  on  tho  ventral  surface  of  the  centrodorsal  are 
rather  deep,  and  of  an  elongated  pyriiorm  shape,  just  as  in  Goldfuss's 
smaller  figure  (Taf .  li.  fig.  1).  Their  sides  ate  more  or  less 
distinctly  plicated,  showing  traces  of  very  minnte  ridges  and  farrows 
(H.  y.  fig.  1),  ^v]^r]l  ran  somewhat  oMiqnely  to  the  axis  of  the 
grooves,  and  give  them  exactly  the  appearance  represented  in 
Goldfuss's  figure.  Tliis,  I  believe,  is  the  real  nature  of  the  "  pnarweise 
gegeniibersteluiuk'  Poren  "  which  Goldfuss  imagined  himself  to  have 
discovered,  so  that  he  was  led  to  describe  tho  grooves  as  "  Pelder 
dor  Fiihlorgunge.** 

I  regard  these  markings  as  rather  more  oharacteristie  of  tiiis 
species  and  its  allies  than  Schliiter  seems  inclined  to  admit.  He 
says  **  there  are,  it  is  true,  some  irregular  punctate  impressions  in 
the  original  specimen,  but  they  are  not  perforations.  They  are 
nnim])ortant  and  accidental,  and  liavc  nothing  whatever  to  do  with 
umbulaeral  pores."    Similar  markings  occur  more  or  less  distinctly 

*  Schlutcr  iisea  Antcd</ii  as  a  masculine  name.  I  have  giveu  reamjnH  cW- 
where  {"Actinometra,"  p.  16)  for  preferrmg  toiSidhnrFoiirwe^  who  makes  it 
femuiine.  Tho  latter  course  Beems  to  be  the  mora  OOfMOt  fipom  sn  e^ymologiod 
point  of  view  ('  liature,'  vol.  xr.  p.  366). 
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in  A.  rnigosa  (PI.  V.  fig.  2  a) ;  but  nothing  of  the  kind  appears 
in  6oldfii8B'8  larger  figure  of  A.  paradoxa  (Taf.  xlix.  fig.  <J),  the 
maigiiis  of  tiie  basal  groores  being  quite  simple  and  not  plaited  at 
alL.  I  imagine  that  tiiis  difference  is  merely  one  depending  on  the 
state  of  preservation  of  the  s}>ecimen ;  for  in  the  TgngHfli  examples 
the  plaiting:  is  much  more  distinct  at  the  sides  of  some  grooves  than- 
at  thc!  sides  of  others  which  are  evidently  more  worn. 

The  same  is  probably  the  case  with  regard  to  tlie  difFeronec8 
between  the  Knglish  and  German  specimens  in  the  nature  of  the 
openings  on  the  upper  surface  of  the  eentrodonal.  Tb%  oential 
axial  opening  in  the  latter,  the  so-ealled  mouth,  is  diatlnet  frmn 
the  five  large  oval  liole^  disposed  around  it,  the  so-ealled  **  genital 
oponiugs."  In  the  Enghsh  specimen  there  is  n  fire-pointed  axial 
opening,  the  points  of  which,  rather  less  deep  than  the  centre,  seem 
to  correspond  to  the  ''genital  oi)eniugs"  of  Goldfuss's  specimens. 
This  is  probal^  Sue  to  aoeident,  just  as  supposed  by  Geinitz  *  for 
his  specimens,  the  '^hnfeisenfonnig  eifaabene  Leiste/'  whieh  Gold- 
fuss  described  as  forming  the  central  bonndary  of  Uie  pits,  having 
been  broken  in  the  removal  of  the  matrix ;  for  the  central  ends  of 
some  of  the  radial  extensions  of  the  axial  opening  have  small  pro- 
jections from  their  sides,  which  look  as  if  they  were  tlio  remains  of 
broken  bars  bridging  these  extensions.  I  say  "  bridginpr,"  hecanso 
I  do  not  think  tibat  these  bos  vrare  the  itpper  ends  oi  ver^'  thin 
walls  separatiiig  thB  radial  pits  from  the  oentral  cavity,  as  in 
A.  lietzii.  From  the  condition  of  the  specimen  I  sboold  rather 
judge  that  there  was  but  one  five- rayed  cavity,  and  that  the  central 
ends  of  thc  rays  were  bridged  over  by  thin  bony  bars.  T!ie  outer 
ends  of  some  of  them  have  a  tendency  to  bifurcation.  This  was 
also  visible  in  Goldfuss's  specimens,  as  is  well  seen  in  his  fi?.  0  r  on 
Taf.  zlix.  It  is  a  peealiarity  cHf  some  interest,  because,  as  already 
mentioned,  it  is  ezldbited  in  a  mveh  more  marked  degree  "hf  one  of 
the  *  Challenger  *  AnUdvM. 

But  the  most  curious  feature  in  A.  paradoxa  is  its  poMessing 
certain  cliaracters  which  are  confined,  with  only  one  exception,  so 
far  as  I  know,  to  two  Anttdons  inhabiting  respectively  the  northern 
and  southern  extremities  of  thc  Atlantic.  The  one  is  the  well- 
known  A,  EuhnMi  of  the  Aretie  Ocean  and  the  north  temperate 
zone,  and  the  other  is  a  closely  allied  bnt  not  identicid  fbnn  from 
the  Southern  Sea  (Heard  Island).  In  both  of  these  species  tiie 
centrodorsal  cavity  is  rather  deep,  and  its  walls  are  marked  by  strong 
ribs,  the  lower  ends  of  which  are  more  or  less  distiiu'tly  visiljlo 
through  the  axial  opening,  projecting  beneath  its  lip  which  their 
upper  ends  help  to  support.  Five  of  them,  those  at  the  inter- 
radial  angles,  are  often  oonsidflrably  larger  than  the  rest,  and  may 
be  the  only  ones  visible  t«  In  other  cases,  however,  both  these  and 
nnmerona  smaller  intermediate  ribs  are  visible  through  the  •^y^al 
openings  as  is  aesn  In  PI.  Y.  fig.  3.    The  ribs  are  mneh  more 

*  '*Da8  Elbthakebiigs  in  SMhiSn  "  fklwmtographios,  vdL  zr.  pp.  i)l  U'^ 
Taf.  xxiii.  figs.  8-10.  '^^  ' 

t  Tnuu.  Lina.  Soc.  Mr.  2,  Zooi.  toI  ii.  pL  ir.  fig.  IL 
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diskiiiet  in  soidb  spedoiMis  than  In  others,  both  specifls  exhibiting  a 
great  amount  of  individaal  Tariation  in  this  respeot.  In  the  Heaid- 
Island  spociman  represented  here,  both  tha  radial  and  the  inter- 

radiol  ribs  axe  exceptionally  distinct. 

The  presence  of  these  ribs  is  very  characteristic  of  the  two  polar 
Antedons.  It  does  not  appear  to  depend  upon  the  depth  of  the 
oentrodorsai  cavity ;  for  there  are  no  ribs  even  iu  the  deepest  contro- 
doTBal  fiaeea  of  too  aotlham  A.  ceUUet  or  of  A,  pktitiaingifiiim  (Medi- 
terranean), though  these  oentrodoiaals  nay  be  eztemally  higher 
and  internally  deeper  than  those  of  small  examfdes  of  A.  E$chridiUL 
The  same  is  the  case  with  regard  to  the  deep  centrodorsals  of  some 
new  Antedons  from  the  South  Pacific.  Only  one  of  these,  from 
Station  170  ((j30  fathoms),  just  north  of  the  Kermadec  Islands, 
shows  any  trace  of  ribs.  There  are  only  ten,  five  radial  and  five 
interradial,  and  they  are  so  fiuntly  marked  that  th^  would  readily 
be  overlooked  by  any  one  whoae  attention  waa  not  apeeiaUy  direeted 
to  them. 

Now  in  Goldfiiss's  description  of  A^pafadaxa  (p«  169)  the  fol- 
lowing passage  occurs  :  — 

"Tho  moutli  is  furnished  with  five  blunt  processes,  only  one  of 
which  is  pr^ervod  in  the  specimen  figured  ;  so  that  the  points  of 
attachment  of  the  rest  are  risible.''  AeoorcUng  to  SchlUter  *,  how- 
ever, '*  the  tooth-like  process  deseribed  by  Goldftus  in  the  month  is 
nothing  but  a  fragment  of  the  calcareoas  matrix  which  has  by 
chance  adhered  to  the  specimen  at  this  point."  It  will  hv  under- 
stood that  the  terra  "  mouth  "  is  here  used  to  mean  the  central 
opening  on  the  ventral  surface  of  the  centrodorsal. 

SchlUter  has  examiued  the  original  specimen  figured  by  Goldfuss, 
and  therefore  speaks  with  authority  ;  bat  I  cannot  help  suspecting 
that  the  interradial  process  in  question  was  of  the  same  natore  as 
the  larger  ribs  of  A.  EschricJuii  and  of  its  southern  representative 
(PL  V.  fig.  'V).  In  the  English  specimen  which  1  am  describing 
these  interradial  ribs  arc  rather  prominent ;  they  stand  out  like 
buttresses,  projecting  into  the  central  cavity  from  the  inner  ends  of 
the  basal  grooves  which  they  support;  while  there  are  traces  of 
smaller  intervening  ribs  on  the  end  waUs  of  the  radial  eztensions  of 
the  central  cavity — ^faint  ones,  it  is  true,  in  four  cases,  but  tolerably 
distinct  in  the  fifth.  It  is  the  presence  of  these  ribs  which  leads  me 
to  think  (as  pointed  out  above)  that  the  radial  extensions  of  the 
central  cavity  were  continuous  with  it  beneath  bony  bridges,  and 
not  cut  oii"  from  it  as  in  A.  lietzii ;  so  that  they  are  not  precisely 
cijuivalent  to  the  radial  pits  of  A,  rosacea  or  A.  rotunda  (PI.  Y. 
fig.  5  a),  which  are  merely  excavations  in  the  projecting  lip  of  the 
cavity  or  in  the  upper  surface  of  its  walls. 

Diameter  of  larger  specimen,  13  millims. ;  of  smaller,  6  millims. 
Heights,  7  millims.  and  3  millims.  respectively. 

Locality,  Upper  Chalk,  Dover.  OolL  itoseum  of  Practical 
Geology. 

*  0^.  «Y.p.45. 
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2.  Amwnr Bumi, ]i.flp.  FUte  Y. flg. 2. 

The  oentrodoiml  is  a  tiiiek  pentagonal  diak  wilih  lonnded  ta^jim 
and  steep  sides,  which  bear  about  twenty-fire  cirrlius-sockcta  in  two 
irregular  alternating  rows.  The  sockets  have  keyhole-shaped  per- 
forations and  striated  marf^ns  like  those  of  A.  paradoxa.  The 
dorsal  surface  is  flattened,  witli  a  deep  central  liollow,  at  the  bottom 
of  which  is  a  iive-rayed  impression.  In  the  centre  of  the  ventral 
snifaoe  is  a  shalloir  five-rayed  cavity  witlioat  any  ribs  on  its  sides. 
The  rays  have  straight  smooth  ddes,  without  any  indioations  of  phites 
or  bars  separating  them  from  the  central  space ;  so  that  I  do  not 
imagine  the  stellate  shape  of  the  cavity  to  be  accidental,  as  SchlUtor  * 
suggests  in  the  case  of  A.  stmiglohosa.  The  basal  grooves  have 
plaited  sides,  but  are  less  deep  than  in  A.  2niratIiKva  \  in  fact  one 
of  them  slopes  gradually  downwards  at  its  central  end  on  to  the 
floor  of  the  oentral  oavity,  and  is  not  raised  slightly  above  it,  as  is 
the  ease  with  the  other  four.  The  angles  of  tiie  ventral  siufaoe, 
where  their  outer  ends  lie,  project  rather  prominently  (PL  V. 
fig.  2,  c).  Beyond  the  ends  of  the  rays  of  the  central  cavity*  thoro 
is  a  furrow  in  the  middle  line  of  each  radial  area  ;  its  depth  is 
rather  variable,  for  it  is  sometimes  distinct  and  sometimes  barely 
traceable,  e.g.  the  two  furrows  at  the  sides  of  that^  bai>al  groove 
which  is  so  much  lower  than  the  rest. 

Diameter  9*5  miUims.;  height  8-5  miDims. 

Locality.  Chalk  (Snssez).   Dixon  OoUeotion,  British  Museum. 

llemarks.  This  species,  while  resembling  A.  paradoxa  in  the 
characters  of  its  cirrhus-sockets  and  basal  p:roovos.  presents  many 
points  of  difference  from  that  type.  It  is  flatter,  with  a  more  pen- 
tagonal outline  and  fewer  cirrhus-sockets ;  while  there  arc  no  ribs 
on  the  walls  of  the  central  cavity,  the  appearance  of  which  is  tckj 
different  from  that  of  Gddfoss's  species.  The  striated  drrhna- 
sockets,  pentagonal  outline,  and  stellate  axial  cavity  (?)  are  points  of 
resemblance  to  A,  seinujlohosa  ;  but  the  latter  species  has  a  hemi- 
spherical centrodorsal  with  nearly  fifty  Girrhus-socketSy  and  the 
aides  of  its  basal  grooves  are  not  plaited. 

3.  Abxedov  JtmniLuunirAZA,  luspw  Flate  Y.  fig.  4. 

This  is  a  well-preserved  specimen,  consisting  of  the  nnited  radial 
pentagon  and  centrodorsal  piece.  The  latter  is  a  truncated  hemi- 
sphere (0*5  by  r$-r>  niiUims.),  with  a  wide  but  shallow  depr(  ssion  in 
the  middle  of  its  under  snrfnoe.  and  three  incomplete  rows  of  plain 
cirrhus-sockets,  placed  mori"  or  Irss  vertically  above  one  another,  on 
its  sides,  seventeen  or  eighteen  sockets  in  each  row.  Its  ventral 
surface  is  a  good  deal  wider  than  the  base  of  the  radial  pentagon, 
the  ang^  of  which  approach  its  margin  (fig.  4,  a) ;  bnt  Ihere  is  a 
considerable  space  between  the  incurved  lower  border  of  each  radial 
and  the  flttrwM^MMiiKwg  aide  of  the  roughly  pentagonal  centrodorsal. 
These  spaces  gave  support  to  the  proximal  portions  of  the  second 
radials,  which  would  thus  be  partially  invisibk,  the  first,  of  course, 

*  C^«ir.p.4SL 
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being  entirely  bo,  to  any  ono  examining  the  complete  skeleton* 
This  concealment  of  the  first  radials  entirely,  und  of  the  second 
partiiilly,  is  a  peculiar  condition  which  occurH  in  very  few  recent 
Comatala;  \  but  it  is  common  to  Schliiter's  three  species  A.  semi- 
ghbosaj  A.  lenticulariSf  and  A.  italica.  In  A.  aquimaryinatay  as  in 
the  flnt  of  these,  a  small  portion  of  the  doreal  eoifaoe  of  the  radiftle 
18  visible  where  it  is  slightly  upturned  at  their  lower  angLee*  At 
four  of  the  angles  (possibly  only  tiiree)  every  two  radiab  are  sepa- 
'rated  by  a  minute  trianj::ular  piece  4,  c)  of  very  variable  size, 
which  represents  the  end  of  a  basal  ray.  At  the  other  angle, 
however,  and  perhaps  even  in  a  second  (for  it  is  very  difficult  to 
decide),  this  piece  is  absent  altogether,  the  corresponding  basal 
raynot  qnito  reaching  the  exterior  of  the  calyx. 

The  articular  faces  of  the  radials  (fig.  4,  h)  have  nearly  all  the 
characters  of  those  of  an  ordinarj'  Antedon.  They  are  trapezoidal 
in  form  and  rather  wider  than  high,  with  a  considerable  inclination 
to  the  vertical  axis  of  the  calyx,  so  that  almost  the  whole  of  them 
is  visible  when  the  cuiyx  is  viewed  from  above  (fig.  4,  a). 

The  dorsal  fossa  for  the  elastic  ligament  is  yery  large,  as  in  some 
other  fossil  OomahtUB,  and  takes  np  ahont  f  of  the  whole  height  of 
tiie  articular  face.  The  middle  of  its  upper  portion  has  the  usual 
deep  hollow  just  iKneath  the  «rreat  transverse  articular  ridge.  A 
prominent  rim  rises  from  this  ridge  around  tlie  opening  of  the  axial 
canal,  which  is  thus  vcrv  nearly  in  the  centre^  of  the  articular  face. 
I'rom  its  upper  border  there  proceed  two  slanting  iuleral  ridges  that 
separate  the  large  ligamentous  from  the  small  mnscnlar  fossas  on 
each  ride.  There  is  also  a  prominent  intermnscnlar  ridge  that 
proceeds  upwards  from  the  same  point  and  reaches  the  centre  of  the 
ventral  margin  of  the  articular  face  ;  this  is  not  notched,  as  is 
usually  the  case,  hut  quite  even,  and  forms  a  part  of  the  rim  of  the 
deep  central  funnel. 

Height  7  millims. ;  diameter  9'5  millims. 

Loetdity.  The  Gault  at  Folkestone.  Original  in  the  British 
ICuseum. 

Memarls.  The  characters  of  this  species  are  intermediate  between 
those  of  A.  sf  riiif/hthosn  from  the  Greensand  (  =  Kreidemergel,  Goldf.) 
of  Speldorf  and  A.  hndcu/aris  of  the  Maestricht  Chalk.  Its  re- 
semblance to  the  latter  species  lies  chiefly  in  the  marked  curvature 
of  the  sides  of  the  radial  pentagon ;  but  it  is  very  like  A,  semi- 
ghbostt  in  the  shape  of  the  centrodorsal  and  the  articular  faces  of 
the  radials,  and  also  in  the  upturning  of  the  flanks  of  their  dorsal 
surfaces  above  the  outer  ends  of  tlie  inconspicuous  basal  rays.  The 
articular  feck's,  however,  are  less  hollowed  tlian  in  A.  Sfmifflf>f>n^a, 
so  that  their  opposed  edges  stand  out  le?<s  ]»rniiiinently  tlian  in  this 
species ;  but  these  faces  have  a  much  more  marked  inward  slope, 
the  dorsal  fossa  for  the  elastic  ligament  bring  visible  to  a  greater 
extent,  when  the  calyx  is  viewed  from  above,  than  in  rither  of  the 
two  allied  species.  The  relative  proportions  of  the  calyx  also  are 
different  from  those  which  obtain  in  nearly  all  the  other  fossil 
Comatulcs, 
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4.  AonvoxBTBA  Loyfoi,  n.  sp. 

This  fossil  coDsistfl  of  the  centrodorsal,  rodials,  and  first  two 
bnushials  of  what  must  have  been  a  large  AeUnometra»  The  centro- 
doTBsl  is  CKoeedingly  peculiar,  and  bat  for  my  experience  with  tiie 

*  Challenger '  Comatulce  I  should  hftTe  been  greatly  puzzled  what  to 
make  of  it.  In  fact  it  has  been  generally  taken  for  the  "head"  of 
a  Pentacrinus^  to  which  it  has  a  considorahlf  resemblance,  except  in 
the  absence  of  external  basals  ;  and  even  these  pieces  seem  to  be 
wanting  in  some  species  of  the  genus  {F,  Fisheri  for  example)  as  it 
IB  at  present  eonstKitated. 

Actinomeira  Lovini,  n.  sp.    From  the  Gault,  folkestone. 


DofMl  wpeot  of  ths  o^yx,  Bhowing  the  deft*  between  the  finft  xadials  and  tlw 
sidee  of  the  oentrodonol,  wmch  diowi  no  tvaoee  of  the  athwihnmnt  of 
einrhi.    x  2. 

In  my  preliminary  report  upon  the  *  Challenger '  Comatulce*  I  have 
described  how  the  oentfodorsal  of  some  tropical  species  vndergoes 
a  long  series  of  changes  in  its  shape  and  relations,  which  do  not 
commence  imtil  some  time  after  the  loss  of  the  stem  and  the  entry 

upon  a  free  state  of  existence.  These  changes  are  of  three  kinds : — 
(1)  the  lotss  of  all  the  cirrhi  and  tlie  prndual  obhteration  of  their 
sockets  ;  (2)  the  lowering  of  the  centrndorsal  to  the  level  of  the 
radial  pentagon,  or  sometimes  even  below  it ;  and  (3)  the  appearance 
of  defto  at  its  sides  between  its  ventral  snrf ace  and  the  dorsal  faces 
of  the  first  tadials.  These  three  features  are  combined  in  Tsrions 
ways  in  several  tropical  Comatulce,  The  clefts  arc  largest  in  Act, 
fteUdta,  Ltk.,  and  in  Loven's  Phanogenia  trijnca  ;  but  in  the  former 
Bj)ecics  the  centrodorsal  is  entirely  devoid  of  cirrhi  and  altogether 
below  the  level  of  the  radial  pentagon,  while  in  Phanogenia  it  is  a 
trifle  above  the  level  of  the  radials  and  bears  a  few  indistinct  cirrhus- 
eockete.  AtU  LomSni  presents  a  condition  intermediate  between 
these  two. 

*  fkoe.  £.8.,  Na  194,  pp.  89(MHKI. 
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The  oentrodonal  bean  no  feraoe  of  oinlniB-eocketB,  and  peripherally 
is  almost,  but  not  quite,  on  a  level  witii  the  radials.  Its  surface 
rises  a  little  firom  tiie  periphery'  towards  the  centre,  and  thm  sinks 

again.  The  larger  portion  of  the  dorsal  surface  Lj  thus  somewhat 
concave,  and  the  hollow  is  partially  filled  up  with  pyrit<«.  The 
radial  clefts  are  very  marked,  but  are  chietly  duo  to  the  inner  edges 
of  the  radials  being  concave  instead  of  straight,  as  the  sides  of  the 
centrodorsal  are  much  less  curved  than  in  Phanogtma  or  Aek 
HeUata.  Henoe  its  outline  is  only  very  bluntly  stellate.  Thefiist 
radials  are  thus  very  much  shorter  in  the  middle  than  at  the  sides 
along  their  lines  of  suture,  the  inner  ends  of  which  are  in  contact 
with  the  points  of  the  centrodorsal  star.  The  distal  edges  of  the 
first  radials  are  also  somewhat  incurved  and  receive  the  convex 
proximal  edges  of  the  second  radials ;  these,  as  well  as  the 
aiillaritfis,  are  rather  arched  fiom  side  to  side.  They  are  twice  as 
long  as  the  first  radials  (along  thdr  middle  line),  have  a  nearly 
straight  distal  edge,  and  are  only  partly  united  laterally.  The 
axillaries  are  broadly  pc^ntagonal  and  about  half  as  loiig  again  as 
the  second  radi;Us  ;  the  first  brachials  oblong  and  pai'tly  united 
laterally,  the  oi)posed  inner  faces  of  each  pair  having  small  fosi*a3 
which  lodged  the  ligament  connecting  them.  The  articulation 
between  them  and  the  sseond  brachials  was  by  ligaments  attaohed 
on  cither  side  of  a  vertical  ridge  as  in  AtU.  romeea.  The  second 
brachials  arc  bluntly  wedge-shaped  and  rather  convex,  their  dist^ 
articular  faces  having  the  usual  fossoc  for  muscles  and  ligfMUCTltft, 
and  a  largo  pinnule-socket  towards  the  outer  side. 

Total  diameter  across  the  circle  of  second  brachials  21  millims. 
Diameter  of  centrodorsal  plate  5  millims. 

LoeaUty,  The  Ganlt  of  Folkestone.  Original  in  the  Woodwardian 
Museum,  Cambridge. 

Bemarl's.  The  chief  interest  of  tliis  fossil  is  tibat  it  shows  the  same 
nltcrod  condition  of  the  centrodorsal  as  wo  now  find  in  Arthxomctrcs 
froTu  the  Philippines  and  the  ^lalay  Archipelago,  all  of  them  from 
quite  shallow  water,  i.  e.  20  fathoms  or  less. 

I  have  much  pleasore  in  dedicating  this  fine  species  to  Prof.  Loven, 
whose  description  of  Phanogtma  has  helped  me  greatly  towards 
undentanding  the  peculiar  features  which  it  presents. 

5.  AXTKDOX  KOTUXDA,  U.  Sp.     Platc  V.  fig.  5. 

Centrodorsal  hemispherical,  slightly  flattened  at  the  pole,  which 
is  free  from  cirrhus-sockets  and  marked  by  a  shallow  stellate  im- 
pression. Sockets  polygonal,  closely  set  in  four  alternating  rows 
witii  occasional  traces  of  a  fifth  and  even  of  a  sixth.  Ventral  sur- 
face very  slightly  concave,  with  a  markedly  circular  outline,  and  a 
faintly  lobulated  axial  opening  leading  into  a  shjillow  central 
cavity.  Jijusal  grooves  rather  wide,  with  rounded  distal,  and  bluntly 
pointed  proximal  ends.  Central  ends  of  radial  anv'is  occupied  by 
small  shallow  pits  lying  a  little  way  from  tho  margin  of  the  axial 
opening. 

Diameter  4*6  millims. ;  height  2  millims. 
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Zoea7t^.  Tlie  Haldon  Greensand  (Noooomian).  Original  in  the 
British  MamaoL  ' 

Bernarkt,  ThoTentralsiir&ce  (PI.Y.  fig.6,a)of  thisfllegaiitHtlle 
species  has  some  resemblance  both  in  shape  and  in  appearance  to 

that  of  Ant.  essenensu,  Schliiter,  from  the  later  "  Cenomanicn."  The 
radial  pits,  however,  are  relatively  smaller  and  less  distinctly  four- 
sided  than  in  Ant.  easenensiSf  and  ike  cirrhus-sooketfl  aro  considerably 
mom  numezoiis  and  moie  closely  set. 

6*  AoznroiimA  ajbbobjeib,  n.  gp.  Plate  V.  fig.  8. 

The  centrodorsal  of  this  peculiar  little  species  is  a  thin,  irregularly 
four-sided  plate  with  rounded  angles.  Its  dorsal  surface  has  gently 
sloping  sides,  which  bear  about  thirty  rather  deep  oirrhus-socketa 
in  an  inoomplete  doable  tow.  Inside  the  line  ol  sooketB  the  aor* 
fiu)e  is  tolerably  flat  till  near  the  centre,  where  it  rises  sUg^y.  On 
the  dope  of  this  central  elevation  are  five  somewhat  lancet^haped 
pits,  radial  in  position  and  rather  variable  in  size  and  depth  ;  three 
of  them  are  partially  filled  by  small  rod-like  pieces  all  of  different 
lengths.  At  the  apex  of  the  sixjcimen  I  found  an  irrc^^ular  circular 
pit  nearly  filled  up  by  a  small  tubercle  rising  somewhat  above  ita 
edge. 

On  carefoUy  cleaning  away  under  water  with  a  camel's  hair 
brush  the  clayey  material  at  the  bottom  of  the  internal  cavity,  I 
found  this  tubercle  to  be  the  broken  end  of  a  tiny  rounded  rod. 
This  seems  to  have  somehow  foiinfl  its  way  into  the  cavity  of  the 
centrodorsal,  and  to  have  become  tixcd  in  its  dorsal  opening  by  tho 
hardening  of  the  clayey  matrix.  The  central  cavity  is  rather  deep, 
with  nearly  Tertical  walls  en  which  some  of  the  internal  openinga 
of  the  cirrhus-oanals  are  jnat  traoeahle.  Its  upper  axial  ogtadng 
is  ixT^golarly  hexagonal  with  rather  rounded  anglea,  the  Tentral 
surface  of  the  plate  sloping  very  gradually  from  its  eircumfercnco 
towards  the  opening,  near  the  margin  of  wliicli  the  slo[)o  increapcs 
a  little.  On  this  steeper  part  aro  live  shallow  radial  pits  of  variable 
shape :  two  are  roughly  quadrangular,  each  with  a  low  radial  bar 
dividing  it  into  two  parts;  another  is  distinctly  hifbroato^  one 
division  being  longer  than  the  other ;  while  the  two  remaining  pits 
are  rather  indistinct,  their  distal  ends  not  being  very  clearly  separa- 
ble from  the  irregular  furrows  in  the  outer  parts  of  the  radial  areas. 
The  basal  groovoa,  also  rather  indistinct,  aro  narrow  and  parallel- 
sided. 

Diameter  4'5  millims. 

Loealitii.  The  Bradford  Clay,  Cirencester. 

B/onarhs,  The  discoidal  shape  of  the  centrodorsal  and  the  limita^ 
tion  <rf  the  drrhi  to  its  sloping  sides  are  characteristic  of  Actimmetra. 
The  presence  of  radi  al  ]tits  is  unusual,  for  X  have  not  tbund  them  in 
any  recent  s])ccies  of  the  genus. 

The  8pt;ciinen  was  found  by  the  late  Dr.  S,  I*.  Woodward  and 
given  by  him  to  Dr.  Wright  of  Cheltenham,  who  has  kindly  placed 
it  in  my  bands  fbr  description. 
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7.  Antedon  prisca,  n.  sp.    Plate  V.  fig.  7. 

Besides  the  isolated  centrodorsal  just  described  (Act.  ahnormi^),  a 
second  specimen  from  the  same  locality,  but  with  the  radials  attached, 
was  forwarded  to  mo  by  Dr.  Wright;  but,  to  my  great  regret,  it  arrived 
in  a  mo0t  fragmentary  condition.  The  centrodorsal  was  in  several 
pieces,  one  or  two  fortnnately  being  rather  large ;  while  the  radials 
were  all  separated  from  one  another,  and  one  of  them  broken  in  two. 
These,  however,  I  have  succeeded  in  fitting  together  sufficiently  well 
to  bo  able  to  see  their  general  characters.  Between  the  lower  angles 
of  the  contiguous  radials  there  appear  externally  the  rounded  ends 
of  small  basal  rods,  just  as  in  the  species  of  ^olanocrinus  from  the 
•White  Jnra  of  Germany  and  Ant,  mquimarginata  (Fl.  Y.  fig.  4,  c). 
These  are  possibly  the  ends  of  basal  rays  jost  as  in  recent  Comatidm ; 
but  owing  to  the  condition  of  the  specimen  it  is  impossible  to  make 
out  whether  their  central  ends  were  connected  with  a  rosette  as  in 
the  living  S])ecie9. 

The  greater  part  of  the  dorsnl  surface  of  the  radials  is  synosteal 
for  their  attachment  to  the  ceutrodor.sal,  only  a  small  peripheral  por- 
tion being  tamed  upwards  so  as  to  appear  on  the  exterior  of  the 
calyx,  where  it  wonld  be  barely  visible  except  just  at  the'  angles. 
There  is  thus  considerably  less  of  an  enter  dorsal  surface  **  than  in 
S.  cofitatus^  which  this  typo  resembles  in  most  other  jioints,  viz.  the 
basal  pieces  appearing'  extcrnully,  the  slope  of  the  outer  faces  of  the 
radials  and  their  shape,  wide  and  low  with  large  ligamentous  and 
small  muscular  fossae,  which  are  separated  by  a  slight  furrow.  The 
latter  features  are  nsnally  ohaiacteristio  of  Actinometra^  bat  they 
also  occur  in  Ant.  macroenema  and  Ant.  brasiliensis^  and  are  accompa- 
nied,as  in  this  fossil, by  a  greater  slope  of  the  distal  faces  of  the  radials 
than  I  know  of  in  any  Actimmi'tro.  I  have  carefully  comj)ar(  d  the 
radials  of  this  fossil  with  those  of  eleven  recent  species  of  Actlnome- 
tra  ;  but  they  have  a  much  less  resemblance  to  any  of  theae  than  to 
the  radials  of  Ant.  brasiUentis,  the  distal  faces  of  wnioh  are  also  con- 
siderably inclined  to  tbe  vertical  axis  of  the  calyx.  The  large  size 
of  the  transverse  articular  ridge  and  the  number  of  ( irrhus-socketa 
on  the  larger  fragments  of  the  broken  centrodorsal  pii  ce  also  poiut 
to  this  fossil  being  an  Auf'ffon.  Excejtt  for  having  a  notch  in  the 
middle  of  their  n])per  border  and  an  intermuscular  furrow  descending 
from  it,  the  wide  and  low  distal  faces  have  a  geuerui  resemblance  to 
thoee  of  Ant,  cBguimarginaia  (PL  Y.  fig.  4,  b,  c). 

Width  of  a  single  radial  3  millims. 

ZocaJiti/.    The  Bradford  Clay,  Cirencester. 

Found  by  Dr.  S.  P.  Woodward;  now  in  the  collection  of  Dr. 
Wright. 

This  is  the  oldest  known  Antxlon,  no  species  Solanocn'nus  occur- 
ring in  Germany  below  the  lowest  beds  (jx)  of  the  White  Jura,  which 
correspond  to  oar  Middle  Oolites. 

8.  AomroHXTBA  ICOuxbi,  n.  sp.   Plate  Y.  fig.  6. 
Centrodorsal  a  thin  pentagonal  disk  with  from  2-4  sockets  along 
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each  side.  The  largest  specimens  (5-5  millims.)  are  the  flattest,  having 
tho  widest  cirrhus-free  space.    In  the  smaller  ones  the  dorsal  surface 
b  more  goucrally  convex,  and  the  plate  has  less  distinct  sides. 
,  Yentnl  ■nrfiuse  flat,  with  a  roimd  tadal  opening.  Basal  groom 
ahallow,  sUghily  indeiuBg  from  Mtral  to  distal  ends. 
Locality.    The  Chraat  Oolite,  Bath. 

There  are  five  specimens  in  the  British  Museum,  one  of  which  is 
very  small,  and  the  others  more  Dearly  equaL  All  are  very  much, 
worn. 

Bemarkt,  This,  the  earliest  known  Comatula,  is  a  good  typical 
Aetinomeira,  bo  &r  as  can  be  judged  from  the  appearance  of  the  cen- 
trodorsal,  which  is  very  similar  to  that  of  many  recent  species  from 
the  Philippines  and  Malay  Archipelago.  I  dedicate  it  to  Johannes 
Miiller,  to  whom  we  aie  indebted  for  its  generic  name. 


EXPLANATION  OF  PLATE  V. 

SSg.  1.  Jntedon  paradoxa,  from  the  Upper  Chalk,  Dover.   Tentral  mrfaoe  of 

oentrodorsal.    x  3. 

2.  JaUedon  rugosa,  n.  sp.,  from  the  Chalk.   Centroduraal:  a,  ventral  «ir- 

facso  ;  h,  dorsal  Burlace  ;  c,  frum  the  side.    X  2. 

3.  Ventral  surface  of  the  centrodorsal  of  a  new  (recent)  ArUedon  from 

Heard  Island.  The  lower  ends  of  the  ribs  on  the  walls  of  the  iater> 
nnl  crivify  arc  visible  through  the  axial  opening.    X  3. 

4.  Antedtfti  a^uimar^iuatu ,  n.  sp.,  from  the  Gault,  Folkestone.  Centro- 

doraal  and  radial  pentagon :  a,  from  abofve ;  b,  from  the  ride,  radial 
view  ;  r,  from  tlie  side,  intPrnulinl  view,  showing  the  end  of  one  of 
the  basal  rays  between  the  lower  angles  of  two  contiguous  radials. 
X4. 

fiu  Antedon  rotunda,  n.  sp.,  from  the  Haldon  Greenland.    Centrodonol  S 
a,  ventral  surface  ;  6,  from  the  side ;  e,  dorsal  surface. 

6.  Actinometra  MiUleri,  n.  sp.,  from  the  Great  Oolite,  Bath.  Centrodareal: 

a,  ventral  torface ;  b,  from  the  side ;  c,  dorsjil  aurfaoe.    X  3. 

7.  Antedon  pri^a,  n.  <tp.,  from  the  Bradford  Clay,  Cirencester.    Side  yiew 

of  t\yo  contiguoiia  rudials,  showing  the  end  of  a  basal  piece  betweea 
their  lower  angles.   X  6i. 
&  Actinomefra  ahnormis,  n.  sp.,  from  the  Bradford  Clay.  Cirence<'ter. 
Oentrodorsal :  a,  Tontral  surface ;  6,  from  the  aide ,  c,  dorsal  surface. 

xa 
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6.      llbtf  FnK-BiHAin  fcmnA  w  «X«  GunoL  Coaa  m  1£ibdu 
GoA^mASUBM  4/  <^  Win  Bnaxs     ToBnsin»  wiA 
Dagcaapixoirs  nftm/t  Niw  Sraon.  ^  Jixw  W.  Dato,  Eaq.* 
PJ9X>  P.Oil.,  fto.  (Bead  November  5, 1879.) 

Ik  a  paper  I  had  the  honour  to  read  before  this  Sodety  in  1876  *, 
a  seoHoD  of  the  Btnta  oompoeiiig  the  Weet  Biding  <a  YorkBhiie 
Coal-field  from  the  Elland  Pla^  rock  to  the  Blocking  Coal  is  ghren. 
The  Biookiiig  Goal  is  jnobably  the  equivalent  of  the  Silkstono  Coal 

of  the  more  Bouthem  part  of  the  Coal-field,  and  is  regarded  by  the 
members  of  the  Geological  Survey  as  the  most  convenient  stratum 
to  form  the  dividing  lino  between  the  Lower  and  Middle  Coal- 
measures.  The  coal-seams  yielding  the  fossil  fish-remains  which 
fonn  the  sabject  of  the  present  paper  oconr  abont  400  feet  higher 
in  the  series  than  tiie  Blocking  Coal.  The  following  section  may 
servo  to  give  an  idea  of  the  position  of  the  Stone-  or  Gas-coal  ilt 
Adwalton  and  the  snrronnding  distiiot: — 

ft.  iiu 

Thonhil!  rook   120  0 

Bluo  argillaoeoQi  ihale   16  0 

JoAH  Goal   1  6^ 

Blue  shale   24  0 

Coal    0  10 

Seat-oarth      0  0 

Bluo  shale,  willi  lasers  of  ironstono    13  0 

White  earth,  vrith  bands  of  iroDitone   7  0 

Bltiok  shnlo,  with  Atifhracosia    3  0 

AowALTox  tSrtoxii  oa  Uaxnkl  OoaIi   1  10 

8eat-eaih    2  0 

BtroDg  white  stone   17  0 

Bluoahale   4  0 

Black  OoAL   0  7 

Wliite  Htones  with  sliales   31  0 

FoKTY-YAnns  Coal  (Dewsbury  Bank  Coal,  or  the  Flockton 

Thin  or  Adwalton  Black  bed)   ^  S  0 

Seat-iuith    3  0 

Bhic  shak'S,    43  0 

FiK.sT  BuowN  Metal  Coal   2  0 

Strong  sandy  shale   24  0 

DM)  Browit  Mbval  OoiAp  or  Old  Haxda   1  10 

Seat-earth   3  0 

Soft  blue  shale,  irith  ironstone    10  0 

Coal    0  0 

Blue  .shale  and  iroiutone  •   26  0 

Sandstone   20  0 

Bluo  plmle   12  0 

Mn>m,KToN  Little  Coal   2.  10 

St> at-oarth    4  0 

IMcnsures  with  two  thin  coals   75  0 

Mipni.KTox  Main  Coal,  Crnmwrll  Coal  or  Now  Hards    4  8 

Scat-earth  with  thin  layers  of  coal  iutcrcalat<Ml    10  0 

Measures   35  0 

MinnLKTON  ll-YAHDB  OoAL  OF  ^niree*quiut6n  Coal   2  6^ 

Measures   •   40  0 

Blockiso  oe  SiLKSTome  Ooal   3  4 

*  (^uurt.  Juum.  Ueol.  Soc.  IbTO,  vol.  iiiii.  p.  iio'Jl, 
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Tho  whole  series  exhibits  considerable  variations  in  the  character 
and  relative  thickness  of  the  strata.  The  coals,  though  perhaps 
more  persiatont  liiiii  the  oflior  memberB  of  the  aeries,  do  nofe  Ibna 
aa  e»)eptioii.  Seotuma  exposed  in  pita  and  borings  in  different 
looalitiei  prove  {he  eoala  to  thin  off  in  certain  directions  and  almost 
disappear ;  in  some  the  coal  is  divided  into  two  bands  by  lenticular 
masses  of  shale  or  sandstono  many  foot  in  thicknet's  ;  in  others 
two  beds  of  coal  gradually  converge  and  form  one  thicker  bed.  In 
this  respect  the  Middle  Coal-measures  differ  from  the  Lower  Coal- 
meaamo.  Ihelatter,  especially  in  the  Lower  or  Hali&z  aeriea,  are 
zemaiikBbly  peraiatent.  The  Halifhx  haxd  and  soft  ooala  extend  oyer 
the  whole  of  the  Coal-field  with  an  almost  uniform  thicikneaa.  They 
are  worked  a  few  miles  from  Leeds,  at  Halifax,  thence  sonthwarda 
to  the  Sheffield  district,  and  also  in  Derbyshiie  and  Nottingham- 
shire. 

The  particular  bed  of  coal  which  has  furnished  the  material  for 
this  paper  ia  no  exoeption  to  the  general  rnle;  if  any  thing,  it  ia 
more  wiahle  Hiaa  any  other  ooal  in  the  aeriea.  The  Adwalton 

Stone  Coal  or  Cannel  exiata  over  a  district  about  20  square  miles  in 
extent.  It  has  been,  or  is,  worked  at  Adwalton,  Carlinghow, 
Bruntcliffe,  Gildersome,  Morley,  Tingley,  and  Ardslcy.  On  the 
N.W.  and  W.  the  outcrop  occurs  a  little  beyond  Carlinghow  and 
Adwalton.  On  tho  N.K.  tho  measures,  including  the  Cannel  Coal, 
are  thrown  hy  a  fault  against  the  Lower  Ooal-meaanrea,  On  the 
Baa!^  and  S.E.  they  gradiially  thin  ont  and  disappear.  Ttke 
following  sections  servo  to  show  how  extrraiely  variable  ia  the 
quantity  or  thickness  of  the  Cannel  Coal  even  in  this  small  area. 

Taking  the  eoUieiy  at  Tingley  aa  a  centre,  we  have  the  foUowiog 
section: — 

ft.  In. 


Black  ahals  with  noDStono  containmg  Jnikracotim   0  6 

Slit'll-bed,  coniix>*Hl  of  Anfhracosia    0  9 

Bluck  areiKvceoua  almle    1  4 

<* Hnbb  '  or  "  Drub"  («a  impue  coal)   1  3 

Cannol  Coal   ,„.,   1  0 

Carbooaoeoua  ahalo  ,   0  4 

Fireoky   1  0 


Tlic  "  Tlubb  "  or  "  Drub  "  is  an  impure  Cimnpl  Coal  containing:  a 
I'AV'^v  percentage  of  earthy  matter.  It  burns  with  a  bright  tlame, 
but  is  rendered  useless  for  making  gas  by  the  great  quantity  of 
aahea  prodaoed  during  calcination. 

At  Carlinghow,  2^  milea  S.W.  from  Tiog^ey,  there  ia  thia  aection : — 


Stone  Ood   1  8 

Coal    0  2| 

Shale  and  Coal   U  Ui 

White  earth    0  7 

BteekOosl    1  0 


At  AdwLilton  and  (iildcrsomc,  at  the  N.E.  extremity,  Uie  following 
section  hu5  been  exposed 
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ft  in. 

Black  ahalo  (with  oil)    0  7 

Stone  0(m1  or  CkiuMl    0  9i 

Coal   0  11 

Dirt  ,   0  3 

Coal    0  2 

Seat-earth  or  Bpavin   0  3 

Coal   r.   1  1 

Seat-oarth   8  0 

Between  Gildersome  and  Tingley,  in  nearly  a  straight  line,  about 
»  mile  from  the  latter,  ie  Bruntdiffe,  with  this  section : — 

ft.  in. 

"Hubb"   0  2 

Stone  or  Cannel  Coal   0  8 

Shale  parting   0  1 

Blen  dings  Coal    0  6 

Strong  grej  abale   0  9 

Loir4MdOoia   1  4  . 


The  Cannel  Coal  at  Weet  Ardsley,  one  mile  icath  of  Tingley, 
is  6  inches  thick,  there  being  a  second  bed,  very  impfore,  4  inches 
thick,  separated  from  the  former  by  7  inchos  common  coal,  &c.  In 

the  opposite  (lirof'ti'M),  li  mik-  from  Tiiijtjley,  the  Cannel  Coal  has 
thinned  out  at  Middieton  colliery  to  the  lollowing  dimensions 


ft.  in. 

Biluminous  .nliale    0  4 

OannelCoal    0  U 

Common  Coal   0  9^ 

Cannel  Coal    0  1 

Oommoa  Goal   0  2| 


At  this  pit  the  Cannel  Coal  has  become  diminished  in  thickness 
to  two  thm  beds  1^  and  1  inch  thick  respectively,  and  a  little 
further  eastward  these  finally  di.sappe;ir,  their  i)lace  being  siip]>liod 
by  a  black  bituminous  shale.  The  Cannel  Coal  has  a  fine  close- 
grainofl  texture  ;  it  is  bituminous,  and  of  a  dull  I'lack  colour.  It  is 
homogenoouj*.  and  breaks  with  a  conchnichd  fracture  without  any 
trace  of  the  lines  of  deposition,  iu  this  respect  diflering  from 
common  coal.  The  blaok  bituminous  shale,  locally  named  Hubb  " 
or  Drub,''  is  somewhat  similar  in  appearance  to  the  stone  coal, 
and  only  differs  from  it  in  having  a  great  proportion  of  earthy 
matter  in  its  com])o<ition.  Tn  Kome  instances  it  contains  a  quantity 
of  mineral  oil,  as  at  (iildcrsomc. 

Before  enumerating  the  remains  of  fossil  fish  found  in  the  Cannel 
Coal  it  may  be  worth  while  to  consider  the  circumstances  attending 
tiie  deposition  of  the  coal-seam.  The  Cannel  Coal  is  thickest  in  the 
centre,  and  thins  off  in  every  direction ;  it  becomes  less  pure,  and 
is  replaced  by  black  carbonaceous  shales,  towards  the  circumference 
of  the  bed.  The  coals  were  probably  a?2:regated  in  a  small  inland 
lake,  very  shallow  and  liable  to  ho  dried  uj).  The  plants  foninnti^ 
the  coal  were  watihed  into  this  lake  by  bt reams,  and  becomiu^ 
decomposed  and  settling  to  the  bottom,  accumulated  in  a  homo- 
geneous mass,  prior  to  its  being  changed  by  pressure  and  chemical 
canses  into  coal.  The  interlamination  of  shales,  more  frequent  and 
thicker  nearer  the  sides  of  the  lake,  would  naturnlly  rei^ult  from 
the  mud,  also  brought  down  by  the  streams,  settiiug  to  the  bottom 
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more  quickly  than  the  leaves  of  the  plants,  but  at  the  same 
time  Mnying  down  wiQi  It  a  large  percentage  of  carbonaceous 
sabsftuiow.  In  some  pazis  tiie  lake  appeora  to  have  beoome  filled 

up  or  elevated  above  the  water-level ;  aud  seat-earth  filled  with 
Stigmarian  rootlets  was  the  result.  Prom  the  seat-earth  grew 
plants  whose  remains  have  formed  thin  bands  of  ordinary  coal. 
Aftt!r  the  accumulation  of  the  deoayinf^  vegetable  matter,  sometimes 
deposited  in  water,  and  forming  Cuuuel  or  gas-coal,  at  others  on 
land,  and  resiiltiiig  in  thin  beds  of  ordinary  ooal,  the  whole  was 
snbmeiiged  beneafh  the  water,  and  an  average  of  from  one  to  two  feet 
of  Uaok  bituminous  mud,  containing  few  ttioes  of  animal  exuvisd, 
except  an  occa«iional  layer  of  Entomostraca,  was  deposited.  Above 
the  black  shale  there  is  a  light-grey-coloured  stratum,  about  10 
inches  to  a  foot  thick,  which  is  almost  or  entirely  composed  of  the 
shells  of  ulftArmofus.  GonnfleH  numbers  of  the  shells  of  these 
mollnsks  ooenr;  they  are  always  fonnd  omshed.  They  were  the 
shells  of  animals  such  as  would  be  found  at  the  present  time  inhabi- 
ting and  luxuriating  in  semistaj^nant  pools — weak  and  thin,  suffi- 
cient to  serve  for  the  protection  of  tlie  mollusk  in  a  mass  of  soft 
mud  in  a  quiet  inland  lake,  but  totally  inadequate  for  iU  protection 
if  we  imagine  them  to  have  lived  in  a  flowing  river  or  on  the  wave- 
beaten  shores  of  an  old  sea.  Above  the  &ell-bed  are  abont  20 
feet  of  bluish- white  shales  containing  several  layers  of  ironstone 
nodules.  SheUs  of  Anthracosrla  are  common  in  the  ironstone,  but 
do  not  occur  in  the  shale.  All  these  facts  point  to  one  issue — that 
we  have  in  these  beds  an  example  of  an  inland  lake  of  freshwater 
origin.  This  is  a  most  important  conclusion  when  we  come  to 
oonaider  the  variety  of  fish-remains  whioh  have  been  obtained  from 
these  strata. 

The  fossil  fish  are  found  in  greatest  abundance  at  Tingley ;  where 
the  coal  has  been  worked  elsewhere,  fish-remains  are  either  quite 
absent  or  occur  with  great  rarity.  At  Tingley  they  are  found  in 
largest  numbers  between  the  Canncl  Coal  and  ^'  Hubb  many 
beautiful  examples,  however,  have  been  obtained  from  all  parts  of 
the  Cannel  Coal,  and  they  not  nnArequently  occur  in  the  "  Hnbb." 
The  following  is  a  list  of  the  fishes  which  I  have  hitherto  been  aUe 
to  identify 


OoelaranlhuF  li-pturus,  Agnss. 
Ctenodus  eiegaoii  (tooth),  H.  ^  A, 
Me^tcht}iya  HiMMTti,  Affoss. 
Rhiz<jdi)psis,  8p.  ? 
Paheoniscus,  sp.  ? 
Gyracanthus  formosiM,  AgfOiB. 
Ctenacanthus  hybodoidea,  ^fHion* 
Diplixliw  gibb<j9vi9,  Agass. 
Ctenoptycliius  pectinatua,  Agass. 
Helodua  simplex,  Agass. 
OMb^ncanilius  dilatatua,  Jkurit  (jgea. 

et  sp.  nov.). 
CompsacantfaiMitviaiigalMis  {tp.  n0T.)> 

 major,  Davia  (up.  noy.). 

dsdodns-taetfa. 
Pfltsloduk 


Bbizodus-scalcs. 

Otenodua,  sp.  ?,  riba  and  bones. 

PlMmea&thas  heTiMimua,  Agam 

■  erect  us. 

 pulcbellua,  Dams. 

■  lutemidentatus,  DavU, 
 alatujs  DaviM, 

—  robuslua,  Data's. 

 (Orthacanthus)  cprlindricua,  sp. 

ined.  Agass.,  Dams. 
Spirorbis  earbonarim. 
Entoraost  raca. 
Julus  ? 

Antlirncofin  (Unio). 
LabjrinthodoDt  (?)  riba,  t«etb,  and 
othtrboDM. 
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ICort  of  the  ibhei  oompiiBed  in  this  list  Moog  to  tibo  JSlBtmo* 

bnmchii  and  Ganoidci ;  but  whereas  the  Elasmobranchii  are  generally 
considered  to  be  of  marine  origin,  and  the  Ganoids  rather  to  pertain 
to  fresh  water,  we  have  them  both,  in  this  case,  fossil  together,  and 
evidently  deiwsited  in  the  immediate  neighbourhood  of  the  spot 
▼hero  they  lived.  The  Sharks  were  of  largo  size ;  the  spines  of 
CfyraccuMm  and  CUmumUhm  aio  not  nnoommon,  tiioao  of  tiie 
latter  being  tiie  laigeat  I  hm  aeon  from  the  YorkahiTe  Cioal-fieJd ; 
some  of  them  were  quite  3|  indiea  in  diameter  nearthe  liaae.  Tbo 
fossil  remains  of  MffjalivJithifs  are  also  of  very  large  size,  many  of 
tho  scales  being  an  inch  in  diameter,  indicating  fishes  probably  five 
feet  in  length.  Spines  of  Fleuracanthus  and  OrthacanthuSy  and  the 
teeth  and  other  bones  of  DiploduSf  are  frequently  found.  Of  the 
apineo  ae?eral  species  haTo  been  foond,  and  aie  of  snob  peooliar  and 
varied  fonna,  as  to  leave  little  donbt  that  Pkuracanthus  and  Ortiho- 
caiUhus  must  bo  nnited  to  form  one  genna,  with  &e  i>ip2iK2iit-teeth 
also  added.  The  remains  of  these  genera  are  unicjuc  in  richness, 
and  I  propose  to  deal  with  them  in  a  separate  ])apcr.  h\  far  tho 
greatest  number  of  specimens,  however,  belong  to  the  genus  Co  la- 
eanihua;  the  remains  of  hundreds  of  these  fiBhes  have  been  obtained 
from  a  oomparatiyely  amall  area  in  the  most  exquisite  state  of 
preservation.  IthlzoclopsU  is  rare;  abont  half  a  dozen  spccimena 
comprise  all  found.  The  teeth  of  CUnoptychius^  Ibhuhm,  Cladodus^ 
and  Fctahdus  are  also  very  rare,  so  are  tho  scales  of  Jihizodtis  and 
tho  teeth  of  Ctmodus.  A  single  tooth  of  Ctcnodits  doums  with  a 
few  head-bones  and  ribs  of  a  larger  species  compriso  tho  specimens 
hitherto  found  of  tbia  genus. 

There  are  two  beds  of  Gannel  CSoal  which  in  lithologioal  and 
palff^ontological  characters  bear  so  groat  a  resemblance  to  tho  Cannel 
CofJ  at  Tingley,  that  it  may  1r>  advii^ablo  to  glance  briefly  at  tho 
leading  features  of  each  for  the  sake  of  comparison  with  our  own 
beds  and  their  fossils. 

In  the  lieport  of  the  Geological  Survey  of  Ohio,  Palajontology, 
Tol.  L  p.  284,  Dr.  Newbeny  describea  a  bed  of  Cannel  Coal  which 
bears  a  dose  resemblance  to  the  one  at  Tingley.  It  oooors  at 
linton,  on  the  Ohio  river.  At  tho  base  of  a  tliick  seam  of  ordinary 
Coal  (no.  0)  is  a  tliin  bed  of  Cannel  Coal.  The  Cannel  is 
only  local  in  extent,  and  on  tracing  the  tliick  coal  in  various 
directions  the  Cannel  is  found  to  (lisap])ear.  After  careful  study  of 
tho  dex)osit,  Dr.  Newberry  considers  "  that  there  was  in  this  locality, 
at  the  time  when  the  ooal  was  forming,  an  open  lagoon,  densely 
populated  with  fishes  and  salamanders,  and  that  after  a  time  thia 
lagoon  was  choked  up  with  growing  vegetation,  and  peat  (which 
afterwards  changed  to  cubical  coal)  succeeded  to  the  carbonaceous 
mud  (now  Cannel)  that  had  ]>rcviously  accumulated  at  the  boTtom  of 
the  water."  The  species  of  tish  found  in  this  Cannel  are  alx mt  twenty 
in  number,  and  tho  amphibians  are  equally  numerous.  The  tishes 
consist  of  nine  species  of  Eurijlepis^  a  small  tilo-scalod  Ganoid,  two 
or  three  species  of  Ca^aeaiUhus  (closely  allied  to  C  le^tturus  of  tho 
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Engliali  CSool-meoBiixw),  seales  and  teeth  of  Shitodui,  spam  of 
Orthacanihw  and  OotnpBoeanikug,  and  teeth  of  IHpladw, 

The  parallel  between  the  Linton  and  Tingley  beds  of  Cannel  Coal 
ia  very  remarkable  ;  tbey  arc  both  of  an  isobited  and  local  character 
and  associated  with  common  coal,  thoy  appear  to  have  had  a  similar 
origin,  and,  most  peculiarly,  they  are  each  the  depository  of  a  large 
number  of  fossil  fishes.  I  doubt  very  much  if  there  is  any  other  bed 
in.  the  Britbh  ooal-fielda  which  has  yielded  a  greater  number  of  speoi- 
mens  of  fish  or  even  a  greater  number  of  new  species  in  so  small  an 
area  as  the  Cannel  at  Tingley ;  and  Dr.  Newberry  remarks  of  the  Ame- 
rican beds  that,  "  on  the  whole,  this  must  be  looked  upon  as  one  of 
the  most  interesting  localities  of  vertebrate  fossils  known  on  this  con- 
tinent ;  and  it  is  even  doubtful  whether  any  other  equals  it  in  the 
number  of  apecMa  or  in  their  aoological  and  geologicaL  intereBt." 

The  reaearchea  of  my  friend  Dr.  Anton  FnMi^  of  Piagae,  in 
Bohemia,  on  the  gas-coals  of  Nyfan  and  Eoanovik,  during  the  past 
few  years,  have  resulted  in  the  discovery  of  a  remarkably  large 
number  of  Labyrintho<lonts  and  fishes.  The  gas-  or  Cannel  Coal  of 
Bohemia  is  situated  much  higher  in  the  geological  series  than  the 
bods  at  Tingley  or  Linton.  It  is  only  about  60  metres  below  the 
red  and  green  days  of  the  Penniaa  formation ;  and  the  ga»4oals  with 
the  sandstones  and  shales  above  them  are  oonBideied  as  passage-beds 
between  the  Garboniferona  and  Permian  formations.  The  conl- 
seam  is  from  a  metre  to  a  metre  and  a  half  thick,  and  consists  of 
alternations  of  ordinary  coal,  Cannel  or  gas-coal,  shdes  and  clays. 
About  tho  middle  of  the  bed  is  a  Cannel  Coal  30  centimetres  thick, 
and  under  that  are  thin  slaty  shales  25  centimetres  in  thickness. 
In  tiie  Gumel  the  remains  of  fishes  or  Labyiinthodonts  are  rarely 
found,  but  in  tho  shale  beneath  they  are  very  abundant.  Separated 
from  the  shale  by  a  thin  bed  of  clay,  there  is  a  thick  bed  of  slaty 
shale,  which  contains  a  thin  layer  of  clay  ironstone  and  also  the 
remains  of  fishes,  &c.  The  slaty  shales  beneath  the  gas-coal  appear 
to  be  very  similar  to  the  "  hubb  "  of  the  Cannel  at  Tingley  j  and  it 
may  be  worthy  of  note  that  it  is  In  these  bitominoua  sbalei  in  each 
instanoe  that  the  remains  ooonr  abondantly.  There  has  been  fimnd 
altogether  a  fauna  of  87  species ;  of  these,  43  are  Labyrinthodonts, 
33  fishes,  and  11  Arthropoda.  The  fishes  occurring  in  greatest  abun- 
dance are : — Ceratodus Barrandei,  'pT.^t^Ctnwdus  ohliqrms^K.&A.)  ; 
Orthacanihus  bohemicus^  Ft.  {  =  0.  cylindricus,  Ag.)  ;  XenacanUius 
J^leuracarUhuSf  Ag.).  There  are  thirteen  species  of  Palceoniscus, 
foor  of  JMil/jfpUniMf  two  of  AeantkodeSf  a  JPhylhhjn.^,  a  Oyrolejiis, 
and  a  new  genns,  SphmroUpit  kounovieaiii,  Pr.  The  remaining 
eight  species  are  Ceratodvs  applanatuSy  Ft,<,  two  species  of  JHplodui' 
teeth  (?),  Xenacanthis  Decheni^  two  species  of  undetermined  genera, 
and  ffi/hodi<8  (?)  and  Petalodus  (?)  Tho  most  notable  features  of  the 
Cannel -Coal  series  of  Bohemia  are : — the  great  number  of  Labyrin- 
thodonts, most  of  the  species  being  hitherto  unknown ;  the  absence 
of  Slasmobnmoha  of  the  type  of  QyracasUhu  and  OlmoMntfttit,  which 
in  the  Ting^  beds  are  of  frequent  oocumce;  and  the  prq^do* 
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ranee  of  Hanoids  of  the  genera  Palcfoniscus,  Arnhh/ptertis,  and  Acaiu 
thode^.  The  entire  absence  of  (\dacantliu8  and  Mq/alicJtfJn/s  is  also 
peculiar.  The  fauna  generally  is  of  a  rorminn  typo  compared  with 
either  that  of  America  or  Yorkshire  ;  aiui  the  supposition  that  the 
beds  form  an  unbroken  connexion  between  the  Coal-measures  and 
the  Pennua  formsfcion  may  happily  prove  oonect. 

G0KMA.0A1ITEU8  TBZAHeVLABIB,  Sp,  HOT.,  Dftvis.    fig.  1. 

Spine.  2*6  inoHes  in  length,  *2  indh  in  diameter  at  mid  length, 
\rhere  it  is  greatest.    The  spine  on  the  poeterior  face  is  stnight; 

the  anterior  face  is  slightly  curved.  Fmm 

the  centre  the  diameter  becomes  gradually  Fig.  1. — Compmainthus 
smaller  in  each  direction  ;  at  the  apical  trianrjidans,  sp.  nov. 
extremity  it  ends  in  a  point;  towards  the  hpine,  nat.  size, 
base  the  spine  is  thinner  and  somewhat 
crushed.  The  portion  which  has  been  im- 
planted in  the  muscles  contracts  in  size  to 
about  three  fourths  the  >;reatest  diameter. 
There  is  a  large  terminal  cavity,  which 
passes  up  the  centre  of  the  spine  towards 
the  point,  becoming  smaller,  and  the  waUs 
of  tiie  ^ne  proportionately  thicker  and 
stronger,  as  it  asoends.  Tlio  1  iteral  and 
anterior  surfaces  are  coven  d  with  a  com- 
bination of  striationa  and  llutings.  The 
lateral  fac^  are  compressed  towai'ds  the 
front,  which  gives  a  seetion  of  t^e  spine  a 
triangular  form.  The  posterior  portion  is 
circular ;  and  iho  apex  is  armed  with  two 
denticles,  broad  at  the  base,  compressed 
laterally,  and  ending  in  an  obtusely  rounded 
point  :  they  are  placed  one  behind  the  other 
in  a  single  row. 

Loealiiff,  bannel  Goal,  Tingley  near 
Leeds. 

The  spine  described  above  differs  from  C.  ImnSy  Newb.,  in  several 
important  respects.  Instead  of  there  being  n  series  of  twenty  or 
thirty  denticles  on  the  posterior  median  line,  there  are  only  two, 
and  these  are  not  hooked  and  acuminate ;  the  spine  is  shorter  and 
stouter ;  its  section  is  triangular.  It  has  only  one  row  of  teeth ;  and 
for  this  reason  it  is  included  in  the  genus  Conq»taeanihu8t  Newb., 
with  the  specific  designation  trianffularis,  in  allusion  to  its  triangular 
form. 

CoMPSACANTHus  MAJOR,  sp.  Dov.,  Davis.    Fig.  2. 

spine.  Part  preserved,  7  inches  in  leiiirth  ;  with  the  point,  which 
is  wanting,  the  spine  would  have  been  about  7"5  inches  in  length; 
the  breadth  is  %)o  inch  at  the  basc^,  and  thence  to  the  apex  it 
gradually  and  regularly  tapers  to  a  point.   It  is  straight,  and  its 
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Bnrface  is  ornamented  by  a  series 
of  longitudinal  striations.  On 
the  posterior  surf  ace  there  is  a 
■mgle  row  of  denticles,  extending 
inm.  the  apex  2  or  2*5  ineheB  to- 
wards its  base.  The  denticles  are 
broad  at  the  base  along  the  longi- 
tudinal axis,  their  sides  are  com- 
pressed, and  they  terminate  ob- 
tuacly  J  eight  of  the  denticles  and 
XQtenaediate  niaoes  are  contained 
in  the  space  of  1  inch.  The  spine 
is  somewhat  flattened,  and  presents 
an  oval  section ;  but  this  is  pro- 
bably due  to  compression,  and  the 
spine  may  origiuuUy  have  been 
nearly  or  quite  circular.  There 
is  an  internal  cavity,  which  is  ter- 
minal at  the  basal  extremity  and 
extends  almost  to  the  point;  the 
cavity  is  central,  and  larpro  in  com- 
parison to  the  diameter  of  the 
spine. 

Many  of  the  toxoid  and  Cy- 
prinoid  fishes  of  the  fresh  waters 

c{  India  bear  on  the  anterior  por- 
tion of  the  first  dorsal  fin  a  bony 
ray  or  spine,  which  is  frequently 
ornamented  or  armed  with  a  row 
of  dentidee  along  its  posterior  mar- 
gin. Among  the  C}'prinoids  may 
be  mentioned  the  JScIiizothora^' ; 
and  in  a  species  of  Siluroid, 
Macrones  vittatus,  Bl.,  kindly  sent 
to  me  by  Mr.  Francis  Day,  and 
collected  by  that  intrepid  natural- 
ist in  one  of  the  rivers  of  Northern 
India,  there  are  one  dorsal  and 
two  pectoral  fins,  protected  hy 
spines ;  these  present  a  close  ex- 
ternal resemblance  to  the  spines  of 
Compsacanthus  from  the  Coal- 
measores  of  West  Yorkshire.  The 
Maemmt  is  a  small  fidi,  about  5  <  • 

inches  long;  its  head  is  covered  / 
with  a  number  of  bony  plates, 
whilst  the  body  is  devoid  of  scales. 
It  has  two  pectoral  and  two  ven- 
tral fins,  and  an  anterior  and  pos- 
terior dorsal  fia.  AH  except  the 
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latter  are  supported  hy  fin-raj-s.  The  posterior  rlorRal  is  a  cartils'- 
ginous  fiu,  prosoutiug  ihe  appoaronco  and  condition  of  those  found 
in  Sharks. 

The  peculiar  ofaaiftotorisfcio  of  special  interert  for  our  present 
purpose  consists  in  tiie  presenoe  of  the  bony  spines  or  fin-d^ences. 

The  pectoral  fins  are  each  armed  with  a  stronp;  spine,  the  exposed 
part  of  which  is  "5  inch  in  length,  the  diameter  being  equal  to 
about  one  tenth  of  the  length.  The  posterior  face  of  the  R])ino  is 
straight,  the  anterior  sli^litly  curved,  tai)erin^'  to  a  sharj)  ]>oint ;  it 
is  somewhat  llutteued  laterally,  aud  urnanieuled  with  longitudinal 
strife.  On  the  median  posterior  snrfaoe  is  a  single  row  of  dentides, 
fourteen  in  number,  extendi  og  along  the  whole  length  of  the  ex- 
posed part  of  the  spine  ;  the  denticles  are  shghtly  recurved  towards 
the  base,  pointed,  and  about  equal  in  length  to  the  diameter  of  the 
B])ine.  Attached  to  and  extending  behind  these  spines  are  the 
pectoral  tins. 

The  dorsal  spine  is  about  two  thirds  the  size  of  the  pectoral  ones. 
It  is  straight^  pointed,  striated  longitudinally,  and  has  on  its  pos- 
terior surface  a  single  row  of  short  stfftigfat  dentides,  seven  in 
numbw ;  these  point  towards  the  base  at  an  angle  of  45°.  It  is  not 
connected  with  the  dorsal  fin,  but  stands  alone.  It  is  implanted  wit  h 
a  peculiar  interlocking  joint  in  a  triangular-shaped  bon(%  formed  by 
a  prolongation  of  the  bouy  covering,  extending  backwards  from  tho 
occipital  region  of  the  head. 

These  characters  present  an  analogy  with  the  C€mj^$tteaniku§- 
spines,  which  appears  to  indicate  a  possible  relationship  between 
the  fossil  spines  and  their  modem  representatiTes. 

OsiRAOACAHTHUB  BIL4IATU8,  gen.  et  sp.  noT.,  Pttris.  Fig.  3. 

This  is  a  very  peculiar  form  of  *' Ichthyodorulito  connected 
with  certain  other  bones  whidi  have  the  appearance  of  being  the 
exeskeletal  plates  of  a  fish.  The  principal  part  of  this  specimen 

Fig.  3. — OUraeaeanihuB  dUaUaus,  sp.  nor. 
Spine^  nat.  size. 


con?*ists  of  a  bony  protrusion  or  spine,  which  is  1-4  inch  in 
length.  The  base  is  imperfect ;  it  now  measures  -5  inch ;  had  it 
been  perfect,  its  breadth  would  probably  have  been  *7  inch.  Fhna 
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the  base  tlie  ditmeter  diaaiiiidiai  rapidly,  and  at  half  aa  inch 
from  the  apex  it  U  *15  ineh.  Hue  cUamieter  is  maintaiaed  for  '4 
inch,  the  spine  then  terminating  tbraptly  in  all  oMoae  point. 
The  spine  may  originally  have  been  round ;  it  is  now  somewhat 
compressed  in  form.  The  iipper  part  ia  smooth,  and  covered  with 
hard  blaok  ganoine.  The  lower  part  is  fluted  with  longitudinal 
grmet,  ▼hieh  iooieaae  rapidly  in  number  by  bifurcation.  The 
spine  appears  to  be  solid;  no  internal  cavity  or  oanal  eaa  be  dirtin- 
goished  in  this  speoinien.  Its  base  is  oompoeed  ehofidrlfoini  hone, 
t.  e.  cartilage  with  numerous  minute  osseous  centres,  a  very  similar 
structure  to  that  of  the  semiosseous  skeleton  of  PUuracanthu$, 
Extending  laterally  from  the  base  there  is  a  mass  of  similar  chondri- 
iom  bone;  oontagnons  to  the  spine  it  is  produced  into  two  or  three 
short  dentides.  It  then  beoomeB  thinner,  hot  again  dereleps  into 
a  mess  which  may  very  well  hare  sorred  as  the  base  of  a  second 
spine,  providing  one  was  present  (see  fig.  3).  There  is  no  distinct 
evidence,  however,  of  a  second  spine  having  been  present  on  this 
specimen ;  it  has  rather  the  appearance  of  a  thick  scale,  somewhat 
acuminate  towards  the  centre* 

The  only  fish-remains  hitherto  dssoribed  which  haye  any  resem- 
blance to  these  are  comprised  in  the  genus  JB^tmMoiiliiis*  of 
Agassiz.  It  is  defined  as  containing  spines  more  or  Ims  arched, 
longitudinally  furrowed,  with  the  base  much  expanded.  The  spines 
are  about  an  inch  in  length  and  three  quarters  of  an  inch  wide  at 
the  base ;  they  converge  rapidly  to  an  obtuse  point,  and  are  more 
or  less  arihed ;  deep  grooves  extend  longitndinaUy  along  each  lateral 
expansion  reaching  quite  to  the  point.  In  some  respects  Bygsa- 
eanthut  presents  features  similar  to  those  of  the  spine  dcscrilKvl 
above.  Both  are  obtusely  pointed  and  expanded  towards  the  base ; 
but  whilst  in  Byssacanthus  the  anterior  portion  of  the  spine  is  round 
and  strong,  the  posterior  is  much  expanded  and  appears  to  be  verj 
thin.  The  basal  portion  in  my  specimen  radiates  equally  in  all  di- 
netifms  from  tiie  point ;  the  furrows  in  the  latter  indicate  the  homo- 
geneous character  of  the  spine  by  their  similarity  in  form  and 
ftrrangoraent  on  all  sides:  in  Byssacanthus  they  are  very  different; 
on  the  thick  anterior  portion  the  striations  are  parallel  to  the  an- 
terior margin  and  about  equidistant,  but  on  the  posterior  wing^liko 
expanrion  tiiey  diverge  rapidly  towards  the  base  and  become  wide 
apart. 

The  spine  in  it^  character  and  its  attachment  to  the  dermal 
covering  of  the  fish  bears  a  strong  resemblance  to  the  spines  of  the 
existing  Trunk-fish,  Ostracion  C4}niiUw.  The  Trunk-fish  is  a  small 
squarely-built  fish,  protected  by  a  covering  of  stx-sided  plates.  On 
its  anterior  and  posterior  extremities  the  dermal  covering  is  pro- 
duced so  as  to  form  four  bony  spines,  broad  at  the  point  of  insertion, 
rapidly  contracting,  thence  continuing  about  the  same  diameter  for 
a  short  distance,  and  ending  in  a  point.  The  spines  of  the  Trunk- 
fish  are  long  and  slender  in  proportion  to  their  breadth,  being  fidly 
three  times  as  long  as  the  diameter  of  the  base.  The  fossil  spine 
•  Foia.AMi.daTi«aQils]toiife,tab.88.figs.  lM4aadlS. 
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it  oomparatively  short  and  muoh  stronger ;  but  otberwiM  they  ara 
very  similar  both  in  fomi  and  method  of  attachmont. 

Hitherto  tho  fishes  found  in  the  Coal -measures  have  been  classed 
as  members  of  one  of  the  two  great  groups  which  formed  tho 
fijsh-fauna  characteristic  of  the  Carboniferous  age,  viz.  the  Qanoids 
and  the  Elaaaiobmiobf.  In  the  genns  Ottrtuaeanihm,  if  the 
dLagnooB  I  hxvB  attempted  should  be  substantiatod  by  fntnra 
diaeoveries,  there  is  evidence  that  fishes  closely  allied  to  some  of 
the  more  abnormal  forms  of  the  Teloosteans  of  the  present  day 
existed  duriiif?  that  period.  Prof.  Huxley*  has  expressed  the 
opinion  that  sevural  ui  tho  fii^hes  of  the  Devonian  rocks  are  closely 
related  to  the  modem  Bilnxoids.  In  the  etractaie  of  Ihe  head  A 
OoceotUut  the  general  arrangement  of  tho  bony  exoskeleton  much 
resembles  that  of  the  tropical  fish  Clarias ;  while  tho  peculiar  form 
of  tho  mandibles  and  tho  expansion  of  the  bony  elements  usually 
considered  to  be  homolojjous  with  the  ooracoid  and  radius  of  other 
fishes,  so  as  to  tonu  u  largo  ventral  shield,  oficr  many  points  of 
leaemUanoe  to  Ihe  Bilofoid  Lorieoria.  The  Devonian  PUrkhi^jfB 
is  also  in  several  ways  closely  related  to  the  modem  Silvroidss 
and  the  fossil  fish  Ct^haloBpis  has  also  certain  resemblances  to 
Callichthifs  and  Loricaria,  Prof.  Huxley  remarks  : — "  At  any  rate, 
I  think  the  2»-imu  facie  case  in  favour  of  the  Teleostcan  nature 
of  Cocco9t€u$  is  so  strong  tiiat  it  can  no  longer  be  justifiable  to 
rank  it  among  the  Ganoida  taut  flktaae ;  hut  eren  tfaoae  who  will 
not  allow  it  to  be  a  Teleostean  must  attach  to  it  the  warning 
adjunct  of  incertae  stdis^';  and,  further,  "  Why  should  not  a  few 
Teloosteans  have  represented  their  order  among  the  jiredominant 
Ganoids  of  the  Devonian  epoch,  just  as  a  few  Gauoida  remain 
among  the  predominant  Teleosteaus  of  tho  present  day?  When 
it  k  oone&toed  that  an  iehthyologiat  might  be  acquainted  with 
every  friahwater  and  marine  fish  of  Europe,  Asia,  Southern  A£rioa, 
8.  America,  the  Indfian  archipelago,  Pdyneaia,  and  Australia,  and 
yet  know  of  only  one  Ganoid,  the  Sturgeon,  a  fish  so  unlike  the 
majority  of  its  congeners  that  a  naturalist  mif;ht  be  well  acquainted 
with  almost  all  the  fossil  Ganoids  and  yet  not  recognize  a  bturgeon 
aa  a  member  of  the  groop^  it  will  not  eeem  diiOealt  to  admit  the 
enatenee  of  a  Tdeoetean  among  the  Devonian  Oandds,  even  thoogh 
that  Teleostean  shoold  in  some,  even  important,  points  diffiar  from 
those  with  which  we  are  familiar." 

it  may  l)e  somewhat  premature,  considering  the  fragmentary 
nature  of  the  specimen,  to  express  an  opinion  that  a  fish  resembling 
tiia  Teleostean  Otiraeion  baa  been  fbond  In  the  Coal-meaaurea.  The 
wgme  and  ita  peonliar  attachment,  however,  are  totally  difibrent 
from  every  other  form  of  lohthyodomlite  with  wliieh  T  am  conver- 
sant, and.  providing  the  evidence  on  which  Prof.  Jluxley  ])ase8  tho 
arguments  given  above  is  held  to  bo  correctly  a]i])lied,  and  that  tho 
oldest  Devonian  fishes  have  many  points  of  similarity  and  relation- 
■hip  with  the  Bilnrold  family  of  the  Teleostoans,  the  probability  of 
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ilie  oooonenoe  of  fldieB  of  a  iomewliat  nnilar  type  during  the  sue- 
eoacling  OarbonileroiiB  age  la  rendflied  at  leaat  pumtibile.  To  distin- 
gouh  this  speoimeii,  I  Btiggeet  the  generic  name  Ostracacanihus*, 
from  the  resorablance  of  the  spine  to  those  of  the  Ostracion^  and 
adding  the  nomea  tiiTiale  dUaialw^  ia  refexenoe  to  its  wide  and  di<<> 
lated  base. 

As  alrcad}'  observed,  the  most  abmidant  fossil  fish  occurring  in 
thk  bed  of  Canncl  Coal  is  the  Coelacanthus.  The  specimens  are 
extremely  well  preserved,  and,  as  might  be  expected,  they  are  of 
various  sizes,  up  to  18  or  2n  inches  in  length.  I  hope,  at  some 
future  meeting,  to  treat  at  greater  length  on  the  characters  of  this 
ganni.  For  the  preoent  it  may  be  mentumed  that  the  teeth  were 
imdDiibtedly  small  and  sharply  pointed;  jawB  with  the  teeth  in  situ 
have  not  been  found,  but  specimens  are  frequently  met  with  in 
which  the  alveolar  spaces  are  well  shown,  extending  in  a  single  row 
along  the  rami  of  the  jaws.  The  teeth  appear  to  have  been  loosely 
held,  and  to  have  fallen  away  from  the  jaw  when  the  fleshy  parts 
decayed.  The  air-Uaddar  ia  well  presetred  and  seema  to  posBesB 
considerable  resemblance  to  the  bony  air-bladders  of  soma  of  the 
fiiluroid  fishes  of  the  fresh  waters  of  Nortlicrn  India. 

The  most  striking  features  elucidated  in  the  foregoing  observa- 
tions are  the  decidedly  Teleostean  facits  presented  by  some  of  the 
fish.  There  is  an  immense  assemblage  of  the  remains,  considering 
fha  amall  aiaa  ovar  which  the  eoa]4>ed  aztends ;  and  fat  tiie  most 
part  they  consist  of  species  whose  nearest  allies  amongst  living 
fishet  are  found  in  the  Teleostean  Siluroids  and  Cyprinoids  of  the 
rivers  in  the  mountainous  districts  of  Northern  India  and  in  South 
America.  There  is  a  remarkable  resemblance  in  the  fossil  Comp" 
gacanifivs  to  many  of  the  species  of  the  Saccobranchi  and  Macronet, 
Snffiflieiit  ii  m>t  yet  known  of  the  fossil  fish  to  wamnt  an  opinion 
aa  to  ita  internal  anatomy,  or  even  to  say  whether  the  head  had  a 
bony  covering  similar  to  that  of  the  recant  fish ;  but  if  these  parts 
should  not  be  found  or  identified,  it  may  still  be  maintained  that  the 
scaloless  Siluroids  and  tlie  cartilaginous  dorsal  fin  of  Macrones  are 
indications  of  an  anccstrj-  which  may  very  well  serve  as  the  type  of 
the  fiih  whieh  inhalntad  the  watem  existing  during  the  period  whan 
the  Carbomferons  rocks  were  being  aoenmnlated. 

*  'OoTpaKoVf  a  hard  thbll,  and  axavQof  a  thorn. 
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7.  A  CoHTBiBiTTioK  to  the  Pfn»KaL  Hmosr  of  the  CaaoMmv 
Fum.  By  Sui^n-Major  Wauuob,  K JD.  (Bead  Beoember 
17, 1879.) 

(Oommnaieat<d    IIm  ^rmdmuk) 

Soke  yean  ago,  whilsfe  eiideannrariiig  to  dear  up  tlie  obseore  pomts 
in  the  lustory  of  the  Groteoeoas  flinte,  I  natorally  turned  for  guiding 
data  to^noh  analyses  as  were  forthcoming  of  the  C9ialk  and  Qlobi- 

gerine  ooze  of  tho  Atlantic.  But  the  further  my  inquiries  were 
pursued  in  this  direction,  the  stronger  grew  my  conviction  that 
no  more  fallacious  tost  of  tho  percentage  of  silica  originally  present 
in  tiie  IWto  Chalk  ooald  be  reeorted  to  than  that  of  assnming  as 
a  atandaid  the  peraentage  it  now  oontainB,  and  hence  that  any 
coraporiaon  of  the  calcareous  mad  with  the  aadent  Chalk,  institoted 
with  the  Yiow  to  detennine  this  percentage,  most  neoessazily  prove 
equally  fallacious. 

This  result,  however,  was  only  to  a  certain  extent  unlooked  for,  ' 
inatmnoh  aa  I  had  long  previonsly  suspected,  on  entirely  diaftinct 
gronndB,  tSiat  the  aLDftoat  eomplete  abeenee  of  silica  in  the  nint-beap- 
ing  Chalk  did  not  arise  irom  any  deficiency  in  it  of  tiiat  substanoe 
Avliilst  it  was  yet  in  a  plastic  state  at  the  bed  of  tho  ancient  sea, 
but  was  due  to  certain  special  conditions,  "svhich  led  not  only  to  tho 
continuous  elimination  of  the  siliceous  material  for  a  time  mechani- 
cally aasooiated  witii  the  oaleareons  mud,  but  to  iti  omsolidation  in 
the  stratified  layers  alternating  with  the  Chalk,  which  constitates 
by  far  the  most  striking  and,  at  first  sights  nnaoooantaUe  feature  in 
ihis  formation. 

In  directing  attention,  at  the  outset  of  my  observations,  to  the 
writings  of  those  who  have  preceded  me  in  this  line  of  inquiry,  1 
ttm  actoated  by  two  oonsiderations,  namely,  a  desire  to  show  how 
much  remains  to  be  done  before  oar  knowledge  of  the  Chalk  flints 
can  be  regarded  as  even  approximate^  eomplete,  and  to  leave  no 
ambiguity  as  to  the  purport  of  my  own  investigations,  in  so  far  as 
they  can  be  regarded  us  original. 

Twent)'  years  ago  Mr.  MautcU,  whilst  epitomizing  the  works  of 
H.  d'Axehiac,  Mr.Bowerbank,  and  others,  described  tiienodnles  and 
veins  of  flint  thsi  are  so  abandant  in  the  Upper  Chalk  as  having 
been  probably  produced  by  the  agency  of  heated  water  holding 
silica  in  solution.  The  perfect  fluidity  of  the  siliceous  matter  before 
its  consolidation  ho  considered  proved,  not  only  by  the  sba-*p  moulds 
and  impressions  of  shells  &c.  retained  by  the  Mints,  but  also  by  tho 
presence  of  nnmerons  orgamo  bodies  in  the  substance  of  the  nodular 
masses,  and  the  silicified  condition  of  the  Sponges  and  other  **  Zoo- 
phytes'* which  swarm  in  some  of  the  Cretaceous  strata.  The  solvent 
power  of  superheated  water  on  rocks  containing  silex  might  there- 
fore be  fully  adequate  to  produce  all  the  plienomena  presented  by 
the  nodulea,  dykes,  veins,  &c.  of  tho  Chalk  formation  ;  and  tho 
chalk  flints  might  pi  ssibly,  ho  thought,  have  originated  from  the 


Digitized  by  Google 


BI0ZOBT  OS  XHS  GBXUatOVB  rUVJA, 


4iiarts  ^granitie  and  otlMr  plufconio  rooks  ^moMi  in  tbe  beated 
water  and  enipted  into  the  hmm  of  the  Chalk  loxmatiom. 

There  are  other  observers,  however  (Mr.  Mantcll  goes  on  to  say), 
■who  are  inclined  to  believe  that  the  flinta  in  the  Chalk,  and  also  in 
the  Portland  Oolite  and  other  calcareous  deposits,  owe  their  origin  to 
the  Sponges,  of  whioh  anch  frequent  traces  are  recognizable  in  con- 
nezittii  ulth  Hm  flint,  Mr.  Bofrarbank»  he  aays,  adyoeataa  thia  origin 
Ibr  erteiy  kind  of  fimt  nodule  and  vein  in  the  Chalk.  Bat  how 
or  whyuie  silox,thu8  considered  as  representing  the  Spongea«  ehouht 
have  invested  or  replaced  organic  l>odio8,  and  the  Porifera  in  par- 
ticular, Mr.  Mantell  contended  was  left  wholly  unaccounted  for. 
Prof.  Ebrenberg,  he  said,  suggested  that  the  flints  may  be  due  to  the 
ehemioal  segregation  of  ailez  derived  ficom  the  dlioeona  xemaina  of 

DiaiamMedt,  Folycydktat  ^ 

In  *The  Student's  Elements  of  Geology  *  (the  latest  of  Sir  Charles 
Lycll's  works  in  which  the  subject  of  the  flints  is  touched  upon)*  it 
is  stated  that  the  origin  of  the  layers  of  tliiit,  whether  in  the  form  of 
nodulos  or  continuous  sheets,  or  in  veins  or  cracks  not  parallel  to 
fbe  aintiileation,  haa  always  been  more  difficult  to  ei^lain  lihan  that 
of  the  "White  Cbsjk.  Bat  here,  be  aaya,  the  late  deep-aea  aonndinga 
have  suggested  a  poarihle  source  of  such  mineral  matter.  According 
to  Dr.  Wallich  it  was  ascertained  that,  while  the  calcareous  Glohi- 
gerinat  had  almost  exclusive  possession  of  certain  tracts  of  the  sea- 
bottom,  they  were  whoUy  wanting  in  others,  as  between  Greenland 
and  Li^rador.  "  But  in  several  of  the  spaces  where  the  calcareous 
Bhiaopoda  are  wanting,  oertein  mieroaoopic  plants  called  JHaUmaeeas^ 
the  solid  parts  of  which  are  aOiceous,  monopolize  the  ground  at  a 
depth  of  nearly  400  fathoms,  or  2400  feet.  The  large  quantities  of 
silex  in  solution,"  Sir  Charles  then  proceeds  to  say,  "  required  for  the 
formation  of  these  plants  may  probably  arise  from  the  disinteg^ration 
of  felspathic  rocks.  As  more  than  half  of  their  bulk  is  formed  of 
ailioeona  earth,  they  may  aiford  an  endleaa  aupply  of  ailioa  to  all  the 
great  rivers  thit  flow  into  the  ocean.  We  may  imagine  that  after 
the  lapse  of  many  years,  or  centuiies,  changes  took  place  in  the 
direction  of  the  marine  currents,  favouring  at  one  time  in  the  same 
area  a  supply  of  siliceous,  and  at  another  of  calcareous  matter 
in  exceee,  giving  rise  in  the  one  case  to  a  preponderance  of  Glo- 
'  higtrmm^  and  in  the  other  of  Diaiomaeem,  Then  laat,  and  certain 
SpongM,  may  by  their  decomposition  have  famiahed  the  aUex  whieh, 
separating  from  the  chalky  mud,  collected  round  oiganio  bodies,  or 
formed  nodules,  or  filled  shrinkage-cracks  ^'f. 

Again,  in  his  *  Principles  of  Geology,'  the  same  distinguished 
author  says, "  The  homogeneous  character  of  the  White  Chalk  or  upper 
of  ttie  great  Cretaoeona  formation  throughout  a  large  part  of 
is  now  (1872)  explained  hy  diaeovering  that  it  ia  made  up 
exolusively  of  the  femains  of  tlio  calcareous  sliells  of  Poraminifera  ; 
whiU  ihe  iUimm  ptTiim  ha$  b<m  derived  ch^fiy  from  j^lanU  eaUed 
J>iaUm$"t 

*  '  The  Student's  ElementB  of  Geology/  1871,  p.  264.        t  Op.  cit.  p.  265. 
t  LjeU's  '  Principles  of  Geology,'  lltii  edit.  (1872),  vol.  i.  p.  216. 
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Here,  then,  we  have  placed  before  ns  tiia  varions  opinions  enter- 
tained by  geologiBta  down  to  a  Tery  recent  dato,  bo  far  aa  pnb- 
lished  researches  are  concerned.  Before  proceeding  with  my  task, 
however,  I  must,  with  a  view  to  prevent  my  argument  from  becoming 
in  BOBie  memnae  naintdligible,  oorrect  a  serious,  though  obrioiisly 
aa  tmiiiteDtioiial,  inlseoneeplioB  en  Bir  Ohirke  Lyell's  part 
Iregaids  tiie  opinions  always  entertained  and  repeatedly  expressed  by 
me  in  print  on  the  Piibjoct  of  the  Diatmnafeo'.  I  allude  to  the 
statement,  attributed  to  me,  that  certain  areas  of  the  North  Atlantic 
are  monopolized  "  by  those  organisms.  80  far  from  this  being  my 
opinion,  in  a  ooReBpondenoe  with  Sir  Oharlee  which  took  pla^  in 
January  1870 1  stated,  in  reply  to  a  serieo  of  qneetions  he  put  to 
mo,  that  I  have  never  swerved  from  the  view  that  the  Diatoms  aro 
plants — that  my  belief  is  that  the  whole  of  tho  Diatoms  met  with  in 
the  deep-sea  deposits  have  not  lived  there,  but  have  sunk  to  the 
bottom  from  the  surfuco  only  after  death — and  that  there  is  only 
one  group,  namely  the  discoidal,  which  occurs  in  such  profusion 
at  the  eorf^,  not  of  the  If  ortfa  Atlantio,  bnt  of  the  txopieal  Atlantio 
and  other  tropical  seas,  as  to  furnish  any  material  contribution  of 
siliceous  matter  to  the  deep-sea  deposits*. 

It  will,  no  doubt,  bo  remembered  that  in  1809  tho  opinion  was 
promulgatixl  ])y  two  \ory  distinf^iished  biologists  that  the  "calcareous 
mud  of  the  Atlantic  is  not  merely  a  Chalk  formation,  but  a  conti- 
nuation of  ihe  Ohalk  formation ;  so  lAol  ¥>$  may  be  taid  fs  he  tUll 
living  in  the  Cretaceous  epoth,**  On,  the  merits  of  this  question  I 
think  it  right  to  say  I  have  no  intention  of  expressing  an  Opinion, 
my  aim  in  jnirsuing  the  present  inquiry  being  limited  to  an  endea- 
vour to  o.\j)Iain.  with  a  fair  show  of  probability,  the  singularly  unitjue 
chaiuclors  and  mode  of  strutiiication  of  tho  Chalk  flints.  For  aught 
I  have  now  to  adduoe  on  tho  subject,  the  battle  of  the  epoohs  will 
therefore  hare  to  be  fought  out  on  stratigraphical  and  palaontologleal 
gronii  1-  Nevertheless  I  fed  bound  to  say  that  if  the  ovidenoe  jhr- 
ni^lK  d  liy  tho  lithological  composition  of  the  ancient  chalk  and  recent 
calc  ucnuH  mud  be  correctly  interpreted,  we  shall,  at  all  events,  detect 
in  it  nothing  to  warrant  the  couclusiun  that  in  no  \mrt  of  the  oceanic 
areas  yet  explored  is  there  any  ^ng  to  be  identified  lithologically 
with  ihe  true  Chalk.  On  the  contrary,  so  far  as  the  prerailinf 
conditions  of  the  exist  ing  scabbed  can  be  compared  With  those  pre- 
Tailing  during  the  Crotaoeotis  period,  we  shall  not  even  detect  valid 

*  I  would  take  the  opportanity  of  here  stating  that  n  great  deal  of  the  mis- 
conception prevailing  a»  regards  the  rate  and  extent  to  which  the  purer  siliceous 
deposits  nre  producea  by  the  Diafomacfts  and  I\>h/Cf/s^inn  is  nscribable  to  the 
too  prevalent  practice  Off  making  arithmetical  computntioun  take  tbsplact>  of 

observed  facts  in  iiiattors  connected  ivith  biology.  When  l-jhrcnbcrg  remarked 
that  "a  siiigh'  niiiinulculo  (meaning  a  Diatom),  perfectly  iinisiblt-  to  the  naked 
eye,  could,  uiid*T  fiivonnilile  eircuuiflanoes,  possibly  bo  inerensed  in  lour  days  to 
140  billiotis  cif  iiHli  )>i'nili  iit  aninmleulos,  tlinf  two  rubio  ft>ot  of  a  s'one  eiinilnr 
to  the  pt)hphii)^-»lale  or  tripoli  of  Bilin  miglit  be  formed  in  four  days,  anil  that 
these,  iindtiplying  again  during  only  eiffht  dnvs  of  undiuturbed  organic  activity, 
might  in  the  sJiine  lime  afl'o~d  a  masa  oT  silica  which  woidd  equal  the  size  of  tho 
earth,"  he  siuiply  placed  with  figures.   (See  Scient.  Mem.  toL  iii.  part  x.,  April 
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roesons  Ibr  doabtiog  the  possibility  of  cretacooos  rodk,  vith  inter- 
calaM  ffint-bedi,  being  to  thii  day  in  pioeett  of  formatioii,  Inas- 
nmoh  aft  the  requisiCe  materials  are  still  forthcoming,  and,  as  already 
urged,  the  physical  conditions  observable  in  the  abyssal  waters,  after 
a  certain  depth  ia  reached,  have  in  all  probability  never  altered  to 
such  an  extent  aa  to  render  a  flint-beaiing  Cretaoeoos  fozmatioa 
even  improbable. 

80  f)tf  as  I  have  been  able  to  dfaeorer  from  liie  writingi  of  the 
most  recent  authors  who  have  discassed  the  mode  of  formation  o 
the  flints,  their  explanations  have  stopped  short  just  where,  ill 
reality,  the  unique  and  by  far  most  important  and  interesting  points 
in  the  history  of  these  structures  may  be  said  to  commence.  Thus 
wo  Hud  it  stated  that,  "  by  some  means  or  other,  the  organic  siiux, 
diatiibttted  In  the  diape  of  spunge-spioules  and  otlier  aUieeooe 
orgenJami  in  tiie  Chalk,  has  been  dissolved  or  reduced  to  e  odloid 
state,  and  accumulated  in  moulds  formed  by  the  shells  or  outer  walla 
of  imbedded  animals  of  various  classes.'*  We  do  not  precisely  know 
how  the  solution  of  the  silica  has  been  eflfectcd,  though,  when  "  onco 
reduced  to  a  colloid  condition,  it  is  easy  enough  to  imagine  it  may 
be  rifted  from  the  water  by  a  proeeM  of  endoemooe,  tiie  ebdk 
matrix  aoting  aa  a  porous  medinm,  and  aeeamnlated  in  any  eon« 
yenient  cavities'**. 

But  it  must  be  obvious  at  a  glance  that  this  furnishes  no  expla- 
nation whatever  of  the  mode  of  production  of  the  flints  properly  so 
called,  but  only  of  the  fossilization  or  mode  in  which  siliceous  casta 
of  organisms  of  rarioos  Unds  imbedded  in  the  ehalk  hsYe  been 
formed — the  question  of  the  mode  of  formation  of  the  flint-beds,  and 
l^sir  (dternation  with  the  strata  of  chalk  (wMdh  is,  in  reality,  tbemost 
ronmrkable  and  unaccountable  of  the  whole  series  of  phenomena), 
beiiifr  left  just  as  intact  as  before,  no  attempt  having  been  made  to 
show,  even  as  regards  the  quantity  of  the  siliceous  material  contributed 
from  every  recognized  snd  STBilalile  sonree,  that,  independently  of 
the  oolloid-prodneing  sobstanoe  which  oonstitates  an  indispenmUle 
fiustor  of  the  operation,  there  was  enough  silica  present  to  meet  tJie 
requirements  of  tlie  case.  "Whence,  then,  did  all  the  silica  come? 
Why  is  it  almost  invariably  found  existing  in  layers  parallel  to 
the  strati£cutiou  of  the  Chalk?  And  what  has  really  been  its 
history,  from  first  to  hist? 

It  M  to  these  qnestions  that  I  hope,  on  the  present  oocarion,  to 
be  able  to  furnish  snoh  answers  as  shall,  at  all  events,  form  the 
groundwork  of  a  good  working  hypothesis,  and  one  capable  of 
further  elaboration  a.s  time  and  op^KDrtunity  permit,  ^feanwhile  I 
may  be  allowed  to  state  that  the  conclusions  arrived  at  by  mo  have 
their  origin  in  the  assumption  that,  in  the  nearly  total  elimination 
of  the  organie  silica  from  the  organio  carbonate  of  lime,  in  the 
almost  constant  aggregation  of  the  colloid  silica  around  some 
foreign  Ixidy,  in  the  ultimate  consolidation  of  the  colloid  material 
into  nodular  masses  or  more  or  liss  continuous  sheets,  in  the 
stratificiition  of  these  masses  and  sheets,  and,  collaterally,  in  the 
•  'ihe  l>optU«  of  the  Sea,'  bj  Sir  Wyrilie  Ihomson,  1872,  p.  482. 


Digitized  by  Google 


72 


Va,  WAIJJGH  OF  TUB  PBTBieiL 


perfectly  preserved  state  of  many  of  the  Cretaceous  fossils,  are  to  be 
discerned  the  succes&ivc  stages  of  a  mctomorphic  action,  whereby 
the  protoplasmic  matter  and  silica  present  on  the  bca-bcd,  after 
having  first  passed  through  an  oiganio  phase  capable  of  resisting 
diehitegratioii  and  decay,  beeame  onoe  mora  amenalile  to  thoso 
purely  matoial  foroes  in  obedience  to  -wbSuoh  they  entered  npon 
tiieir  new  and  secondary  phase  as  Flints  *, 

But,  even  yet,  tho  chain  of  mctamori)hic  action  must  have  re- 
mained incomplete  but  for  the  manifest  connexion  which  I  was 
fortunately  enabled,  in  1860,  to  trace  out  between  each  of  the  sue- 
ceadve  stages  referred  to  and  a  oondition  of  things  then  for  tiie 
ilist  time  noticed — namely,  that  the  entire  moss  of  animal  life  thero 

S resent  is  confined  to  tho  immediate  surface-layer  of  the  muddy 
eposit,  alternating  periods  being  thereby  established,  during  which 
one  of  the  two  predominant  animal  types  (Foraminifera  and  Sponges) 
gradually  overwhelms  and  cnishcs  out  the  other  over  indefinite  local 
anas,  the  strata  of  ehalk  in  the  one  case,  and  the  intercalated  flint- 
beds  in  the  other,  being  the  issue  of  these  contests. 

Should  it  be  asked,  Why,  then,  do  wo  find  so  striking  a  lithological 
difference  between  the  Chalk  and  the  Atlantic  mud  ?  The  answer  is, 
l)ccau80  our  specimens  of  the  mud  represent  only  tlie  constituent 
materials  forthcoming  at  a  depth  of  a  few  inches  beneath  the  surface, 
where,  if  my  hypothesis  be  oorreot,  there  mnst  needs  be  acoumnlated 
nearly  the  whole  of  the  silica.  Whereas,  were  it  possible  to  obtain 
meciniens,  say,  from  a  depth  of  even  a  few  feet,  we  should  find  that 


Chalk,  had  in  like  manner  been  eliminated  from  the  mud. 

Unfortunately,  iu  such  an  inquirj',  we  have  to  deal  with  phe- 
nomena, that,  owing  to  thfljvery  nature  of  the  conditions,  mnst  for 
ever  present  many  conjectural  points  too  im])ortant  to  be  n^ected, 
and  yet  too  obscured  in  tho  Cimmerian  darkness  of  the  ocean  to 
admit  of  experimental  investigation  under  identical  circumstnnccs  in 
the  laborator}-.  Hence  wc  are  driven  to  fall  liack  on  h\  pollicsis,  in 
the  hope  of  a  time  arriving  when,  by  its  means  and  improved  appli- 
ances, we  shall  be  gradnally  guided  to  the  truth. 

I  will  now  state,  in  the  form  of  three  hypothetical  propositions, 
the  gioands  upon  which  I  have  been  led  to  infer  that  the  chalk  and 
calcareous  mud  t  were  formed  under,  at  least,  approximately  identical 
conditions,  and  nm  still  inclined  to  r^ard  these  two  formations  as 
not  lithologicully  distinct. 

1*  Were  it  possible  to  oompara  a  given  quantity  of  chalk,  in  the 
oondition  in  which  it  was  formed  at  the  bottom  of  Ihe  Cretaceous 
ocesn,  witii  a  like  quantity  of  recent  cakareous  mud,  no  such  dif- 

*  Much  valuable  infomiation  "  On  Quartz  nnd  oflior  Forms  of  Silica  "  will 
be  found  in  a  paper,  bearing  this  title,  from  the  pen  of  Prof.  Kuport  Jones, 
F.B.S.  Unfortunatdy  I  was  unable  to  avail  luyBelf  of  it,  being  unaware  of  its 
existence  until  the  present  commuDieatjon  had  been  laid  before  the  Geological 
Society. 

t  The  term  **eakaieotiB  mud"  applies  throughout  this  paper  to  the  common 
OloUgerine  ooie  as  met  with  in  the  Atlsatio. 
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iBve&M  in  the  relatiTe  pcfrcentages  of  carbonate  of  lime  and  dlioa 
would  be  obeemUe  at  ooiild  wamnt  ne  in  prononneiDg  the  two 
formations  to  be  lithologically  dietinet. 

2.  Were  it  possible  to  compare  a  given  quant iU-  of  tlio  recent 
calcareous  mud  with  a  like  quantity  of  the  same  material  when 
finally  converted  into  a  calcareous  rock,  the  difference  in  the  per- 
centages of  carbonate  of  lime  and  silica  would  correspond  closely 
with  that  now  obaerrable  between  the  CJhalk  and  the  recent  mnd. 

3.  Were  it  poadble  to  compare  the  percentages  in,  say,  a  hundred 
cubic  feet  of  recent  calcareous  mud  with  those  in  a  like  cubic 
volume  of  flint-bcariiiir  chalk,  they  would  be  foTind  to  correspond, 
due  aUowuncQ  being  made  in  each  case  for  minor  discrepancies 
resulting  either  from  secular  or  local  changes  which  affect  the 
sapply  of  material  or  the  doe  increase  of  animal  life*. 

Before  proceeding,  however,  to  apply  these  propositions  to  the 
case  of  tho  flints  it  is  essential  that  I  should  not  only  i)lacc  beyond 
doubt  tho  adequacy  of  tho  sources  whence  arc  obtjuued  the  vast 
quantities  of  protoplasm  t  and  silica  required  for  the  production  of 
tiie  flint-formation,  but  should  furnish  satisfactory  reasons  for 
entering  into  mveh  mere  detail  en  thie  portion  of  my  subject  than 
would  under  other  circumstanoee  be  Udmiwible.  These  reaeona 
■hall  now  be  briefly  stated. 

I  am  prepared  to  prove  that  tho  main  source  of  the  proto])la.sm, 
as  well  as  of  the  silica,  is  to  be  found  in  the  substance  described,  in 
1868,  by  Prof.  Huxley,  under  the  name  of  Bathybius,''  and  that 
thia  nibetanee  ia  neither  more  nor  less  than  sponge-protoplasm 
deriTed  from  the  deep-sea  sponges  which  have  been  found  swarming 
in  certain  regions  of  the  ocean,  and  will,  T  believe,  be  eventually 
found  to  have  constituted,  in  past  geological  periods,  an  all-important 
factor  in  tho  production,  from  organic  materials,  of  probably  all  cal- 
careous and  siliceous  rooks  formed  at  the  bottom  of  the  sea. 

In,  the  *Qaarterly  Jcnmal  of  Mieroseopieal  Science'  for  Deo. 
1868,  Frot  Hnzle^  deMribed  J9Mfty6tic«. 

In  the  succeeding  number  of  that  journal  t  I  endeavoured  to 
show  that  Bathyhixts^  together  with  the  Coccoliths,"  which  were 
regarded  by  Prof.  Huxley  fus  forming  part  and  parcel  of  its  stnictuix', 
do  not  represent  any  independent  living  type  of  being,  that  they 
atand  in  no  physiological,  but  only  in  an  accidental  and  porshr 
meehameal  relation  to  each  other,  and  that  analogy  and  the  butt 
of  direct  evidence  axe  in  iamir  of  the  supposition  that  this  widely 
distributed  protoplasmic  matter  is  tho  product  and  not  the  eoliroe  Of 
ibe  vital  forces  already  in  operation  fit  tho  8ea-])ed. 

In  order  to  render  iuteliij^ble  the  conclusion  I  arrived  at  with 

*  Ab  a  matter  of  fact,  such  discrepancies  are  at  the  present  day  eacountered 
in  Hm  ealeueciis  mod  obtained  from  diflSsMBt  r^ons,  and  eten  at  dilfennt 
p<)int«  in  Uie  same  geo^phical  ana»  the  osnses  inducing  them  being,  in  all 
probability,  of  the  kind  eufgeeied. 

1 1  hvn  vmA  this  tem  tmroocbout  the  praeent  in(|uiry  as  being  leii  technical 
tfian  Mtrcode,  and  Io«8  specializea  than  albumen. 

I  "  On  the  Vital  Funotione  of  the  Deep-Sea  Protoue,"  by  Q,  0.  WalUcb,  ICD, 
Qasft  Joan.  ICer.  Sdenoe  for  Jsonary  1869*. 
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t^gird  to  lihiB  idlMtaaMy  I  mntt  bring  to  mj  aid  tha  doBcriptioiig 
given  of  it,  the  grounds  npon  which  it  had  hM  pnmonnced  by  ono 
eminent  geologist  and  chemist  to  be  not  even  of  organic  derivation, 

but  an  accidentally  formed  chemical  product,  nnd,  lastly,  the 
evidence  furnished  (strange  to  say,  by  those  biologists  who  were  the 
foremofit  to  affirm  its  oxistcnoe  as  a  veritable  Momroti'')  in  support 
of  my  oontentioii  that  it  is  nothing  more  than  Bponge-protoplaam. 

In  1868  Brs.  Carpenter  and  WyrUla  Thomson  wrote  as  fddlows 
*'The  remarkable  abundance  of  sponges,  which  not  improbably 
derive  their  nutriment  from  the  protoplasmic  substance  (Bathybiut) 
that  enters  so  largely  into  the  composition  of  tho  calcareous  mud 
wherein  they  are  imbedded,  is  a  preemiuently  conspicuous  feature 
of  iwemUa&oe"  between  the  mod  and  the  eiialk — a  reaemblanoa 
■0  striking,  in  their  opinion,  as  to  hare  led  them  to  dedane  the  mud 
to  be  not  merely  a  dhalk  formation,  httt  a  eontinnanee  of  <A«  Ghalk 
formation  *. 

According  to  Sir  Wyville  Thomson,  *'  Tlie  Vitreous  Sponges,  along 
with  the  living  Ehizopods  and  other  Protozoa  which  enter  largely 
into  the  oompositloii  m  the  n^par  layer  of  tiie  ehalk-mnd,  appear  to 
be  nonriahed  by  tfaeabMnption,  throngfa  the  aztemal  earfkoetSP  theae 

bodies,  of  the  asaimilablo  <nrganic  matter  which  exists  in  appreciable 
quantity  in  all  sea-water,  and  which  is  derived  from  tho  life  and 
death  of  niarint  animals  and  plants,  and  in  large  quantity  from  the 
water  of  tropical  rivers  "f. 

<*Thi8  calcareous  mud  is  the  home  of  muUihidse  of  exquisitely 
formed  gUtssij  and  dh«r  iUidoui  Sponffea  ;  the  ehalh^  on  &e  other 
hand,  may  be  said  to  contain  no  di«$emina(e<f  silica  whatever,  beyond 

a  few  grains  Tn  one  haul  of  \hc  dredge,  in  the  soft, 

warm,  oozy,  chalk-mud,  were  Ijronixht  up  upwards  of  forty  specimens 

of  vitreous  sponges,  many  of  which  were  new  to  science  

This  mud  was  entirely  filled  with  the  dclicato  siliceous  root-fibres  of 
the  sponges,  binding  it  together  like  haiia  in  mortar.  It  was  actually 
alive ;  it  stuck  together  in  lunpe,  as  if  there  were  white  of  egg 
mixed  with  it ;  and  the  glassy  mass  proved,  under  the  microscope,  to 
he  livinrj  sarcode.  Prof.  Huxley  regards  this  as  a  distinct  creatltfe> 
and  calls  it  Batht/hius.    I  think  this  reciuires  confirmation  "J. 

According  to  i)r.  Carpenter  and  Sir  WyviUe  Thomson,  **  It  aeema 
highly  probable  that,  at  all  periods  of  the  earth's  history,  some  fbnn 
of  the  Protozoa  (Khizopods,  Sponges,  or  both)  predominated  OTW  all 
other  forms  of  animal  life  in  the  depths  of  the  sea,  whether  spreading, 
compact,  and  reef-like,  as  in  the  Lanrentian  and  Pala^ozoie  Fozoon^ 
or  in  the  form  of  myriads  of  separate  organisms,  as  in  the  GiobigC' 
rince  and  the  Ventriculites  of  the  Chalk  ''§. 

In  1870  Ttot  Hnzley  desoribed  Bathyhim  as  forming  a  living 
000111  or  film  on  the  aea-bed,  extending  over  thonaanda  upon 

»  Proe.  Bov.  Soc.  no.  107,  \^\6,  p.  1^2. 

t  "On  Hoffenia,  a  Ckynut  of  Vitreowt  Spongea,"  Proe.  Roy.  Soe.,  June  18G9. 
\  "On  tlu>  D.utlis  of  the  8oa."  by  I'rof.  W.  Thoin-m.  F.K.S.    A  paper 
communicated  to  the  Ann.  &  Mag.  Ifat.  Hiflt.  for  Aug.  i60U,  pp.  liU~121. 
I  Ibid.  p.  124. 
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thouMlidi  of  square  milei,  • ...  80  thAt  it  piobaUy  fomm  ono  con- 
timkras  1011111  of  lifing  mslter  gilding  the  iHiolo  oimoo  of  tho  ooft* 
bed"» 

In  1S73,  accordinf^  to  SirWyville  TliomRon,  "there  came  up,  im- 
bedded in  tho  Atlantic  ooze,  an  extraordinary  number  of  siliceous 
spongosi"  And  referring  to  a  dredging  at  a  depth  of  2435  fathoms, 
"  in  this,  as  in  meet  other  dredgings  in  the  bed  of  the  Atlantic, 
thoro  WW  Hfidsnet  of  a  qwmtity  of  soft  gdathum  organic  maHtty 
enough  to  give  a  slight  viscoeifcy  to  the  mud  of  the  surface-layer. 
If  this  mud  be  shaken  with  weak  spirit  of  wine,  and  if  a  Httlo  of 
the  mud  in  which  this  -viscid  condition  is  most  marked  be  placed  in 
a  drop  of  sea- water  under  the  microscope,  we  can  usudlly  see,  after 
a  time,  an  irregular  network  of  matter  resembling  white  of  egg, 
diitmgaiohable  Ivjr  its  malntoiiiing  its  oatUno  ond  not  nixing  witii 
miter.  This  network  was  seen  gradually  altering  in  form;  and 
entangled  graniilos  and  foreign  bodies  change  their  relative  posi- 
tions. This  (jelatinous  matter  is  therefore  capable  of  a  certain 
amount  of  movement^  and  tftere  can  be  no  doubt  that  it  mnnifsts  the 
p/unomena  of  a  simple  form  of  life  "  t.  Entangled  and  borne  along 
m  ^  Tisoid  streams  of  BttAyhim  Hfe  oonstanUy  find  a  mnltitnde  <^ 
minute  ealoareous  bodies" :t*  Again,  '*  one  of  tho  first  results 
of  deep-sea  dredging  was  the  discover)'  that  the  chalk-mtid  of  the 
deep  sea  is  in  many  places  crowded  with  sponges  " 

In  1877  the  same  writer  says,  Sponges  extend  to  all  depths  ; 
but  perhaps  the  cia^s  attains  ita  maximum  development  between 
600  and  1000  fiithoms.  All  the  orders  oeoor  in  the  abyssal  xaD» 
taotefjlt  the  CfaheHW.  At  great  depths  the  Hexactinellids  oeiv 
tainty  preponderate.  In  tho  Atlantic  the  Hexactinellid  sponges 
are  very  abundant  to  the  depths  of  about  1 000  fathoms  along  tho 
coasts  of  Portugal  and  Brazil "  11.  .  "Although  all  the  principal 
marine  Invertebrate  groups  are  represented  in  the  abyssal  fauna, 
the  folstite  proportions  in  which  they  ooenr  is  pectmar.  Thns 
HoUnsoa,  in  all  their  classes,  BraehTonrons  Gmstaoea,  and  Anno* 
lids  are  on  the  whole  soafoe }  while  Eehinodemata  and  l^»r^flura 

gr^aUy  preponderate 

"Wc  have  now  to  look  upon  another  side  of  this  singularly  phan- 
tasmagorian  picture.  Here  is  what  Mr.  Murray,  of  the  *  Challenger,' 
stated  on  ^e  snbjeefc  in  Ilia  report  dated  1876,  based  on  the  re- 
searehee  of  Mr.  Bnohanan  "  In  the  early  part  of  tho  cmise  many 
attempts  were  made  by  all  the  naturalists  to  determine  the  piesenco 
of  fno  protoplasm  in,  or  on.  the  bottoms  from  our  soundings  and 
dredgings,  but  with  no  dclinite  result.  It  was  undoubted,  how- 
ever, that  some  specimens  of  the  sea-bottom  preserved  in  spirit 
assumed  a  very  mobile  or  jelly-like  aspect,  and  also  that  flocculent 

*  Speech  by  Prof.  Ilutloy,  foUoTrinjf  tho  mulinfir  of  a  pf\per  "On  the  Atlnntio 
and  Indian  Oceans,"  by  Cunt.  Shenurd  Oaboni,  B.N.  {Proc  fioy.  Qeograph. 
Soc.  forNoTember  1870,  p.  38). 

t  •  Depths  of  the  S<>a,'  p.  410.  \  Ihlrl.  p.  413.  j  PAd,  p.  483. 

11  •  The  Athint  ic,'  hv  Sir  WyriUs  Thonaan,  1877,  toL  il  p.  343. 
\  Ibid,  pp  352,  353. 
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Wttter  was  often  present.  ICr.  Bnohanan  dctcmii ncd  that  the  amor- 
phous matter  was  simply  the  amorphous  sulphate  of  lime  precipitated 

by  spirit  from  sea-water   In  all  cases  the  jelly-like  or  mobile 

aspect  of  the  oozes  was  found  to  be  due  to  the  prescuce  of  the 
flooculent  precipitate  from  the  sea- water  associated  with  the  ooze. 
Ifo  firee  d&umnom  matter  could  he  detected.  When  it  is  remem- 
bsred  that  the  original  describcrs  izofked  with  spirit-preserved 
ipecimens  of  the  bottom,  tfu  inference  seems  fair  that  IjathybiuB  . 
atul  the  amorphous:  sulphate  of  lime  are  identical^  and  tfuit  in  placing 
it  amonejst  living  ihimjs  the  descrthtrs  committed  an  error  "  *. 

We  next  come  face  to  face  with  the  opinion  (somewhat  distracting, 
it  will  be  admitted)/regardiDg  the  organic  matter  said  to  be  difibsed, 
as  a  kind  of  piovidentially  serred  "  broth  "f,  for  tlie  nourishment 
of  the  entire  mass  of  the  deep-sea  Protozoa.  On  this  point  Messrs. 
Caqxintor,  Jcflroys,  and  Thomson  wrote  as  follows  in  LsU'J  : — "  But 
the  most  novel  and  important  feature  in  these  aiuilyses  is  the  larr/e 
quantity  of  organic  matter  indicated  by  them  ae  universally  preseut 
in  the  water  of  tiie  open  ocean,  at  <jreat  dittancee  /rem  Imd,  and  at 

^     eta  depths*' t- 

Lastly,  the  following  is  Mr.  Buchanan's  commentary,  published 
in  1876,  on  the  last-mentioned  remarkable  fact : — "  In  connexion 
with  carbonic  acid,  I  may  mention  that  I  have  frequently  tested 
waters,  and  especially  bottom-water,  for  organic  matter.  I^one  of 
the  m^hods  in  nse  for  determining  this  substance  in  drinking-water 
giving  satisfaction  when  applied  to  sea-water,  I  had  to  content 
myself  with  endeavouring  to  detect  its  presence.  If  the  jelly-lika 
organism  which  had  been  seen  by  some  eminent  naturalists  in  spe- 
cimens of  ocean-bottom,  and  chilled  Bathi/bius,  rcaUy  formed,  as  was 
believed,  an  all-pervading  organic  covering  of  the  sea-bottom,  it 
oooM  lufdly  fail  to  show  itself «when  the  bottom-water  was  evapo- 
rated to  dryness  and  the  residiie  heated.  In  the  numeraut  eamplee 
of  hoUem-water  which  I  have  eo  examined,  there  never  woe  eufficimt 
orgnyxic  matter  to  f/ive  ynnre  than  a  just  perceptible  qreyish  tinge  tO  the 
residue,  without  ami  other  sujns  of  carJmiiziny  or  burning  §. 

These  extracts,  it  will,  I  think,  be  admitted,  speak  for  themselves, 
and  will  be  rsgaided  by  all  who  oarefiilly  peruse  them  as  fullv 
bearing  out  the  foUowiog  condnsions (Ist)  that  there  is  no  ancn 
Uving  independent  entity  as  Bathybins ;  (2ud)  that  the  substance 
which  received  this  appellation  is  undoubtedly  sponge-protoplasm ; 
and  (3rd)  that  this  sponge-protoplasm  is  almost  universaLIy  distri- 
buted over  those  areas  of  the  abyssal  ocean  that  are  occupied  by  the 
calcareous  mud. 

Ab  regards  "the  identity  of  the  amorphons  sulphate  of  lime  and 

Baihyhius^  as  maintained  by  Mr.  Buchanan,  I  have  only  to  say 
that  I  do  not  for  a  moment  call  in  question  the  fact  of  an  amorphous 
condition  of  sulphate  of  lime  being  generated  iu  sea- water,  or  muddy 

*  Proc.  Eoy.  Boc,  ('Challenger '  lU'ports)  vol.  xxiv.  no.  170,  pp^  630, 681. 

t  Proc.  Boy.  Soc  fol  xxiii.  no.  lol),  for  Feb.  1875,  p.  2;i8. 

1  Proc.  Boy.  Sool  toL  zviil  no.  121,  for  Not.  1800.  p.  476. 

f  Proc.  Boy.  Soc.  CCOiaUMieer'  Beports)  voL  sdv.  no.  170,  p.  605b 
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water  holding  it  in  solution,  under  the  chemical  treatment  described ; 
hat,  with  tbe  graatest  fespeot  fat  the  opmion  of  to  aUe  and  aon- 
ieieiitioiis  an  observer  as  Mr.  Buchanan  has  proved  himself  to  be, 

I  am  quite  unable  to  accept  his  explanation  that  amorphous  sulphate 
of  lime  and  the  glairy  matter  jkervading  and  overlying  the  mud  in 
such  vast  abundance  and  so  uuivorsally,  which  was  described  as 
being  actually  alive  and  sticking  together  in  lumps,  as  if  white  of 
egg  were  mixed  with  it,  which,  moreover,  proved  under  the  mioro« 
scope  to  be  "  living  sareode"  are,  or  can  be,  one  and  the  same  thing. 

Fortunately  the  subjoined  data  relating  to  twenty  samples  of 
bottom  oT)taincd  on  board  the  *  Challenger '  while  traversing  one  of 
the  most  important  and  typical  sections  of  the  Atlantic,  stretching 
across  from  Teueriffe  to  the  entrance  of  the  Caribbean  Sea,  furnish 
a  complete  verifloatioii  of  tiie  opinion  jnst  ezpresaed  by  me.  Ao- 
cording  to  andyees  by  Mr.  Brader*,  the  average  quantity  of  sul- 
phate of  lime  present  in  seven  samples  of  "  globigerine  ooze,"  and 
twelve  samples  of  "  red  clay,"  was  only  a  fraction  over  1  per  cent., 
a  quantity  altogether  insignificant,  and  obviously  quite  inadequate 
to  account  for  the  presence  of  such  euormous  masses  of  glairy  proto- 
]^laamio  matter  as  nave  been  deeoribed,  on  the  asemnption  that  it  it 
not  ^e  protoplasm,  but  merely  a  flocculent  snbatanoe^  derived,  by 
an  artificial  chemical  method,  and  only  in  the  preaenoe  of  aloohdl, 
£rom  sulphate  of  limet. 

It  is  deserving  of  mention,  in  relation  to  the  sulphate-of-lime  ques- 
tion^ that  in  none  of  the  published  analyses  of  the  deep-sea  water 
or  mnd  obtained  dniing  the  eraises  of  the  *  Porcupine '  and  *  Light- 
niqg/  in  the  yeaia  1868-1870,  have  I  been  able  to  find  any  notice 
of  that  mhatanoe.  Hue  fact  is  of  itself  evidence,  therefore,  that 
no  vorv  material  quantity  of  sulphate  of  lime  was  then  met 
with  ;  and  putting  all  tlicso  facts  together,  it  may,  I  submit,  he 
safely  concluded  that  not  only  once  (as  in  the  2435-fathom  dredging 
ao  graphically  described  by  Sir  WyviUe  Thomson),  but  on  many  other 
•qmdly  imp(»tant  occasions,  the  dredge  mnst  have  plunged  head- 
long  into  one  of  the  ubiquitous  sponge  Ix  fls — tho  glairy  mass  like 
white  of  egg,  the  multitudes  of  spicules  distributed  like  hair  in 
mortar  throughout  the  mud,  and  the  apparent  residuum  of  contractile 
power  in  the  glairy  substance,  said  to  have  lingered  in  it  even  after 
it  had  been  treated  wilii  alcohol,  all  finnishing  distinct  and  nn- 
eqnivoeal  teatimoiiy  to  the  fSMt  that  the  snbetanco  in  qneetion  was 
no  aBotropic  condition  of  a  salt  of  lime,  but  veritable  sponge-proto- 
plasm, existing  under  conditions,  of  all  others,  pre-eminently  cal- 
oulated  to  foster  gigantic  development. 

In  a  very  remarkable  paper  published  in  the  '  Quarterly  Journal 
of  the  Geological  Sooiei^ '  in  1849,  the  late  Mr.  Bowerbank,  whOe 

\  ♦  *3he  Aliilltic/  vol.  ii.  Ajipondix  A,  p.  £00. 

t  Mm  amattar  of  fact,  twenty  examples  of  uuid  were  antUyzed  by  Mr.  Braxier ; 
hot  as  the  twentieth  mm  firem  ttie  oompiiratiTelr  diattow  depth  or  460fiitbon»» 

I  thought  it  oxncslient  not  to  inchule  it  in  the  estimated  pcrci  ntages.  The  per- 
centage of  Bulpnate  of  lime  in  it  was,  however,  exactly  1  ^r  cent.  Xhegoueral 
aterago  is  tbmlbve  In  no  wiss  vftiatod. 
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enormouB  quantities  of  silica  which  have  entered  into  tho  stractnro 
of  fossils  during  the  geological  period^  and  which  still  oontinuo  to 
be  separated  from  the  ocean?  Various  nj)inioii!^  have  been  offered 
to  account  for  those  phenomenii,  such  as  extreme  heat,  great  jtres- 
sure,  thermal  springs,  and  a  peculiar  gelatinous  condition  of  silica, 
pfodiiflod  by  chmnlcal  maiiipiilatioii>  but  of  wiuflh  we  ha^  no 
anthontio  reoord  in  aatnie.  **Nono  of  tbesa,"  he  continues, 
*'  appear  satisfactorily  to  account  for  the  vast  deposits  of  silica  that 
wo  have  to  deal  with  in  connexion  with  organic  matter.  Great 
pressure  and  high  temperature,  there  is  no  doubt,  are  active  agents 
iu  promoting  the  solution  of  silica  in  excess,  with  wliich  somo 
miiMral  springs  aze  charged,  and  these  oaoiM  aie  perhaps  power- 
fully effsotiTe  in  the  formation  of  certain  mineral  products  in  the 
interior  of  the  earth  ;  hut  as  regards  the  supply  of  silica  in  the  pro- 
duction of  fossils,  and  in  its  appropriation  by  living  organisms,  T 
believe  them  to  have  infinitely  less  to  do  with  these  phenomena  than 
has  hitherto  been  suppo^icd.  Much  weight  has  been  attached  by 
me  writeii  to  the  probability  of  the  ipimilei  of  the  Bpongiadie 
aeting  ea  nndei  for  tiie  attraction  of  eOioa  in  the  pfooees  of  their 
fossilization  ;  hot  it  la  a  remarkable  faet  that  the  tmeHalichondria, 
in  which  the  siliccom  npicule,^  ahoiiml,  are  exceeding  rare  in  the  fossil 
state ;  whilo  tho  remains  of  the  true  8pongia»  in  which  the  aninuU 
fibre  predominates,  are  very  abundant." 

How,  to  my  mind,  thia  looks  my  mnoh  like  begging  the  entire 
question,  tnasmnch  as  it  had  long  before  been  regarded  as  an  eetab* 
Uahed  fact  that,  apart  from  all  submaiine  souroee  of  silica,  there 
must  through  all  geological  time  have  hern  an  inexhaustiMe  supply 
of  that  material,  derived  from  tho  disintegration  of  felspathic  and 
other  rocks,  carried  down  to  the  ocean  by  rivers  and  currents — more, 
indeed,  than  the  water  can  take  np,  judging  from  the  barely  appie- 
eiabb  quantity  firand  to  eziat  in  it.  Of  the  suffldenoy  of  this  supply 
there  could  therefore  be  no  doubt,  nor  of  the  greatly  augmented 
solubility  of  the  silica  under  the  operation  of  increased  pressure  and 
tera]>erature,  and,  notably,  the  increased  charge  in  the  sea-water  of 
carbonic  acid.  N  either  can  there  be  any  doubt  as  regards  the  sufii- 
cienoy  of  the  oiganie  agencies  by  which  the  silica  held  in  solution 
was  being  perpetually  remored,  nor  of  the  general  tendency  of 
ailiea,  when  undergoing  solution,  or  in  a  colloid  state,  to  seize  upon 
SOtoe  foreign  body  and  liecome  aggregated  around  it.  I'hese  are  all 
fiusts  beyond  dis[)ute,  the  point  requiring  demonstration  being: — 
Through  what  special  agency  does  all  this  enormous  amount  of  silica 
(after  having  been  first  eliminated  from  sea- water,  and  then  secreted 
by  living  creatures  in  the  shape  of  sheUs,  reticular  frameirorks,  or 
spicules,  which  consUtute,  as  it  were,  the  bones  of  the  silica-secreting 
Trotozoa  )  become  once  more  transformed,  en  Hoe,  into  such  masses 
of  mineral  as  the  Hints  ? 

Of  these  questions  Mr.  Bowcrbouk's  observations  furnish  no  ap- 
proach towaids  a  solution. 

Ihe  only  arguments  I  think  it  requisite  to  answer  In  detail  are 
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tilOM  QMd  by  Sir  Charlei  Lyell,  which  were  cit«d  »  an  Qirlier  part 

of  these  observations.  It  is,  I  tmat,  needless  for  me  to  say  that  in 
venturing  to  contest  any  opinion  emanating  from  bo  illustrious  a 
source^  1  do  so  with  the  greatest  reluctance,  and  only  under  a  oon- 
viotioii  tiiai  hk  eooelvmons,  howtvw  jnitifiBd  by  the  data  which 
wen  at  his  command  in  relation  to  tiie  imAinon  of  the  Diatomaoes 
in  the  Atlantic.,  and  the  predominath^;  share  Uikbn  by  thflie  or- 
pnnisms  in  the  formation  of  the  flints,  were  vitiated  in  consequence 
of  the  data  beinp^  erroneous.  For,  I  repeat  (and  without  fear  of 
oontradictiun)  that  in  the  North  Atlantic,  to  which  Sir  Charles 
Lyell'a  remarka  applied  more  partioolarly,  there  nerer  haa  been  met 
with  a  true  ealeueoaa  nmd  in  whioh  the  peroentage  of  Diatoms 
remains  is  80  great  as  to  deserre  mmtion  in  eommion  with  the 
llint-fonnation.  Neither  is  there  any  authentic  evidence  forth- 
coming to  show  that  Diatomaccous  deposits  have  in  time  post  ex- 
isted, at  depths  such  as  that  indicated  (2400  feet),  along  the  North- 
Atlantic  coast-lines,  of  sufficient  importance  to  deserve  mention. 
Whete  they  occur  they  are  of  Poettertiary  origin,  and  have  been 
formed  in  freshwater  bottoms.  Should  thia  be  granted,  there  is  the 
clearest  warrant  for  assuming  that  the  comparatively  bulky  isiliceous 
framework  and  spicule-pystom  of  the  deep-f?ea  vitreous  sponfj^cs  must 
constitute  the  main  source  of  supply  of  that  material  for  the  tlinta. 
Indeed  it  is  far  from  improbable  that  the  true  flints  are  produced 
aolflly  in  the  aieaa  ooenpied  by  the  sponge-beds,  the  flints  beooning 
more  cherty  and  devoid  of  those  characteristic  amoebiform  ontlinea 
which,  according  to  my  hypothesis,  are  dependent  on  the  pr(»enco 
of,  and  the  combination  of  the  silica  with,  the  accumulation  of 
nearly  pure  protoplasm  still  sufficiently  recent  to  have  resisted  ad- 
mixture with  calcareous  or  other  matter. 

But  it  is  not  only  neoossery  that  an  adeqnate  snpply  of  fteah  and 
free  protoplasm  should  be  present  at  the  aea-bcd,  but  that  pfoto* 
plasm,  not  of  necessity  pure  and  hom<^neous,  should  be  present  in  a 
continuous  flocculcnt  layer  overlying  the  calcareous  deposit.  Now 
this  is  precisely  the  condition  in  which  the  snbsidiarj-  ])ortion  exists 
which  is  not  derived  from  the  sponges,  but  from  the  Foraminifora. 
Thia  very  xcmaikaUe  oondition,  of  this  full  signiftcanoe  of  which  I 
was  not  awaie  till  the  history  of  the  deep-sea  sponges  was  xerealed 
some  ten  years  ago  by  Dr.  Carpenter  and  Sir  Wyvillo  Thomson,  waa 
first  pointed  out  by  me  in  1800  as  occurring  over  the  (iloMq-erine 
areas  of  the  North  Atlantic  ;  and  it  has  since  then  been  completely 
TeriHed  by  the  above-named  observers.  As  it  furnishes  the  key  to 
tlie  entire  pgeesas  of  flint-fonnation,  1  may  be  permitted  to  cite  the 
dasermtion  giTcn  of  it  in  part  1  of  my  *  North-Atlantic  Seapbed/ 
published  in  1862. 

The  flocculent  character  is  distinctly  observable  on  the  imme- 
diate surface-layer  of  all  the  deposits,  and  in  a  few  cases,  in  which 
the  quantity  of  extremely  hne  amorphous  particles  is  excessive,  it 
eztcnda  to  aome  depliL  Snoh  la  the  condition  where  the  Eorami- 
Bifin«  are  eitiier  ahaent  or  constitute  the  ^malleBt  percentage  of  the 
nateriaL  JBiiit,  in  the  majoiity  of  the  deposits,  the  fleoonldnoe  doea 
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not  extend  beyond  half  an  inch,  or  an  inch,  below  the  surface,  and 
it  i«J  then  replaced  by  a  stratum  of  the  utmost  tenacity.  This  marks 
the  limit  of  the  amorphous  non-miueral  particles,  and  the  point  at 
which  the  consolidation  of  the  heavier  atoms  begins.  It  appears 
probable  that  the  liTing  Otobjg0rimf  axe  altogether  ecmftned  to  thia 
■aperficial  Btratom/'   (Op.  cit.  pp.  188,  139.) 

Of  the  source  of  the  subsidiary  protoplasmic  layer  but  little 
need  be  said  in  this  place  beyond  pointinfi:  out  that  a  very  consider- 
able portion  of  it  is,  in  all  likelihood,  derived  from  the  Olobi/jentux, 
which  constitute,  as  a  rule,  from  70  to  85  per  cent.,  but  in  certain 
ran  iniitanefla  as  miieh  as  95  per  eent.  of  the  entire  surfkoe  stntmn 
of  the  ealeaieons  deposit  itself.  The  quantity  furnished  hy  the 
Olohuferinft,  irrespectively  of  the  other  Bhizopodal  families  associated 
with  them  in  vari^-inp:.  but  ahvaj^  in  comparatively  inaignifioant 
proportions,  must  therot'ore  be  very  considerable. 

It  has  been  shown  how  vast  must  be  the  supply  of  organic  silica 
deriTod  from  the  deep-sea  Sponges.  It  is  therefore  quite  intelligible 
why,  so  long  as  this  predominant  source  both  of  protoplasm  and 
silica  remained  unrecognized,  undue  weight  should  have  been 
attached,  by  some  writers,  to  the  quantity  of  the  latter  material  pro- 
vided by  the  Pohjcyatina^  Dtalomacem, and  the  still  less  numerous  forms 
of  siliceous-sheUod  Protozoa,  and  by  others  to  the  quantity  brought  in 
solution  hy  the  waters  of  the  ooeaa  from  land  souioes.  That  the 
idliccous  remains  of  the  organisms  referred  to  do  oooasionally  occur 
in  sufficient  abundance  to  satisfy  the  wants  of  the  microscopist,  is  in- 
disputable. The  silica  of  the  Hints  cannot,  however,  be  said  to  depend, 
in  any  groat  degree,  on  these  microsco]>ic  forms,  as  any  one  familiar 
with  the  extent  and  structure  of  the  silicouus  skeletons  and  spicules 
of  the  sponges  will  admit.  Bnt^  in  addition  to  this,  I  can  state  iHth 
oonfidenoe  that  in  no  part  of  the  North  Atlantic,  where  tiie  Globi- 
gerine  mud  prevails  (the  mud  declared  to  be  a  contanoation  of  the 
old  chalk),  do  the  remains  of  Pohjq/sttna  or  2)/a/'oniame  constitute,  at 
the  most,  more  than  from  4  to  G  per  cent,  of  the  entire  deposit :  and 
in  no  instauco  do  they  occur,  either  separately  or  collectively,  in 
such  numbers  as  to  interfere  with  or  "  mask  "  the  typical  ohanoter 
of  the  calcareous  mud ;  nor,  if  we  look  at  the  matter  only  in  its 
relation  to  the  Hints,  can  we  come  to  any  other  condosion  than 
that  their  production,  though  of  course  increased  to  a  very  trifling 
extent  by  accessions  of  silica  from  the  whole  of  the  subsidiary 
sources  alluded  to,  would  not  have  been  appreciably  influenced 
had  the  Folyajstina  and  J)iatamae$mhem  altogether  wanting*. 

*  I  have  to  obsenre  in  this  place  that  it  has  been  too  modi  the  oastom  in 

estnnntinp  \ho.  ponvtitnge  of  the  viirioua  materinls  present  in  the  deep-sea  deno- 
8il8,  whether  organic  or  inorj^aiiic,  to  haae  iufercucee  on  what  is  obeervod  uader 
the  microscope,  quite  forgettmg  that  all  mounted  olqeola  such  as  Diatoma  or 
C;  K'roliths  are  not  oven  visible  except  as  mere  specks,  unless  seen  uudor  the  higlior 
powers  of  the  instrument.  To  ideutifj^  the  form  of  a  Coccolith,  for  example 
under  a  lower  power  than  ^  objeotive^  is  almoet  imposaible ;  bat  in  order  to  see 
il  fif  the  wliole  of  the  heavier  particles  must  bi>  entirely  removed,  and  the 
Lghlesl  nariieles,  amongst  which  are  the  CoccoUths  and  Dialomsy  must  be 
iepanteu  by  a  prooen  of  elutriation.  To  dednoe  peramtages  from  elutriated 
naidoM  is  obrioualj,  therefore,  miileading  in  the  highest  degree. 
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A  very  important  fact  has  to  be  hero  noticed  in  relation  to  the 
siliceous  materials  which  aro  supposed  to  be  norraaUy  and  uniformly 
distributed  throughout  the  substance  of  the  calcareous  mud  at  the 
period  of  iti  dopontioii  on  the  aea-bed.  In  order  to  understand  the 
niU  wgniflcMice  off  this  fiust,  it  is  indispenmble  to  reooUeot  th«t, 
whereas  the  carbonate  of  lime  of  the  effete  Globigerine  and  other 
Foraminiferous  shells  is  to  a  certain  ext-cnt  redissnlvod  in  the  water 
charged  with  an  cxcessof  carbonic  acid,  and  the  amount  thus  abstracted 
is  too  iusiguiticant  to  produce  any  material  diminution  in  the  mass 
of  the  calcareous  deposit,  nearly  the  whole  of  the  organic,  and  proba- 
bly a  not  inoonmderaUe  proportion  off  the  inorganio  nlioa  which  has 
been  found  present  in  some  apedmens  of  the  Atlantic  mud  is  dis- 
solyed  under  the  conditions  that  prevail.  For,  whereas  the  cal- 
careous matter  is  furnished  partly  from  the  dobris  of  Foraminifora 
which  pass  their  existence  only  at  the  bottom  of  the  ocean,  and 
poitly  from  such  as  live  at  the  surface  and  subside  to  the  bottom 
only  when  dead,  the  iMU  of  ih$  sikv-geereHnff  organisms,  with  the 
solitary  etteepiion  cf  ih$  tponges,  suhside  to  the  bottom  only  after  de^tth^ 
this  being  equally  true  whe&er  the  Pohjcystina  inhabit  the  entire 
body  of  the  ocean  from  its  surface  to  its  bottom,  or  live  only  near  or 
at  its  surface  *.  The  result  is,  that  the  whole  of  the  organic  j^ilica,  the 
moment  it  roaches  the  bottom,  comes  into  contact  with  the  pro- 
toplasmie  layer  and  is  retained  by  it»  Henee  ihs  quantity  pretmU  tn 
0very  tampU  of  mud  cbiained  (a§  aU  our  (temples  hUherto  hav$  been) 
by  a  mere  dip  into  the  mperfieiioi  ttratum  of  a  fm  inches  in  depths 
dots  not  fairly  represent  tlu  percentaf/e  o  f  silica  contained  and  sup" 
posed  to  he  equally  distribuft  if  i)i  the  subsfratd,  but  i>nhj  tJte  accu- 
mulated amount  of  that  substance  which  }uis  been  ytttiuy  accessions 
for  an  indefinite  period  from  the  superincumbent  waters. 

In  the  case  off  the  s^iongee  that  oceor  in  snch  nnmbers  on  ereiy 
square  yard  of  the  calcareous  mud,  and  live  more  or  less  imbedded 
in  the  soft  and  luxuriantly  developed  nidus  of  thoir  own  protoplasm, 
the  result  described  must  necessarily  take  j)laco  in  a  still  more  signal 
degree,  since  every  spicule,  and  every  ])article  of  thoir  silict'ous 
debris,  is  not  only  formed  but  accumulated  within  this  protoplu-smic 
envifooment.  tiierefbre,  instead  of  there  being  from  25  to  95  per 
cent,  of  silica,  soluble  and  insoluble,  in  the  calcareous  mud,  at  a 
depth,  say,  of  eighteen  or  twenty-four  inches  below  the  surface,  there 
is  in  all  probalMlity  not  more  than  is  to  be  met  with  in  anayerage 
apeoiracn  of  white  chalk. 

If  we  follow  out  to  its  legitimate  issue  a  continuance  of  such  con- 
ditions as  have  been  here  described,  it  is  obvioos  that  a  x^eriod  must 

•  It  will  be  aeen  on  reference  to  my  '  Nortii- Atlantic  Sea-bed,'  p.  127,  and 
alflo  in  a  paper  on  the  Polt/cifdma,  m  the  '  Quart.  Journ.  Micros,  fcscience'  for 
July  1^<»'»,  tnat  I  thon  milttl  attention  to  th»«  fact  that  thp  Jratithomcfrts, 
which  are  abundantly  represented  in  the  surface-waters  of  the  ocean,  are  not 
purely  sUi«eoitt,  moA  thorefore  yield  to  the  solTent  act  ion  of  acids,  and  erca  of 
water,  much  more  readily  than  any  otln  r  '^ilircoiifl-shelled  Protozoa  with  which 
m  ax«  aoqoainted.  Not  a  trace  of  their  liiliceoua  remains  U  to  bo  found  either 
fai  recent  or  foenl  ooeanie  deponts*  Thii  fact  has  been  completely  Terifled 
by  Sir  W.  Thomson,  in  his  work  'TheAthmtic^*  ToL  iL  p.  340. 

Q.  J.  Q.  &  No.  141.  o 
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arrive  wlieu  ihc  pruloplaauiic  mussob  (which,  owing  to  thor  inferior 
speoifio  gravity,  always  ooonpy  this  poation  in  rdation  to  the  cal- 
cazeoiifl  mod  upon  which  tiiey  may  be  said  to  float  ao  as  to  fomi  an 
intennediate  stratum  between  ihvm  and  the  superincumbont  water) 
will  bccorao,  if  not  supersaturated  w  ith  silica,  at  all  cvt  iif  s  so  highly 
charged  with  it  in  a  now  colloid  state  more  and  mure  closely  ap- 
proaching coaguhition,  as  eventually  to  asphyxiate — so  to  speak — 
the  yery  organisms  whidi  have  piodnoed  them. 

If  we  tank  to  the  less  prominent,  heoaose  negative,  eonditions  that 
preTail  at  the  sea-bed,  we  diall  perceive  that  they  are  of  a  kind 
specially  favourable  for  securing  uniformity  of  results  both  as  regards 
the  time  occupied  iti  their  completion,  and  the  nature  of  the  chanjres 
which  are  ellech d  by  them.    Thus  we  know  that  the  abyssiil 
waters  d^ely  bijrderiu^  on  the  sea-bed  itself  are,  in  the  majority 
of  oases,  in  a  state  so  nearly  approaching  perfect  quieecenoe,  that 
no  omrent  of  sufficient  energy  exists  to  divert  from  their  down- 
ward course  particles  of  matter  so  light  and  feathery  as  to  bavo 
taken  probably  many  weeks,  if  not  months,  to  sink  down  from  the 
surface  of  the  sea  to  their  final  resting-place  at  the  bottom.    On  the 
other  hand,  there  is  nothing  as  yet  known  that  could  lead  to  the  in- 
ference that  the  periods  required  for  the  deposition  and  oonsolMatioii 
of  eaeh  soooeeding  stratum  of  ohalk,  and  its  accompanying  stratum 
of  flints,  hear  any  pc<^rtion  to  those  gradual  and  more  rarely  re- 
curring sccidar  changes  in  the  direction  of  the  great  oceanic  currents 
which  (  to  repeat  Sir  Charles  Lyell's  words )  favour  at  one  time  in  the 
same  area  a  supply  of  calcareous,  and  at  another  of  siliceous  matter ; 
whilst,  as  a  natural  consequence,  the  prevailing  uniformit}'  of  tho 
physical  conditions  must  inevitably  engender  a  corresponding  uni- 
formity and  simultanoousness  in  the  development,  growth,  and  flnal 
death  and  dccav  of  the  various  lower  forms  of  life  that  are  under 
it^  inliuence.    It'  this  be  true,  we  might  exjx  ct  that  over  largo 
areas  of  the  calcareous  8ea-l)ed  a  very  preponderating  number  of 
the  sponges  would,  almost  simuitaneously,  spring  into  existence  from 
the  germs  or  gemmules  left  by  a  preceding  generation,  and  as 
simultaneously  multiply  and  die,  to  be  succeeded  in  turn  by  another 
generation,  and  so  on.   We  are  thus,  fiumished  with  an  auxiliary, 
though  (as  I  shall  presently  show)  by  no  means  the  most  important 
factor,  in  determining  the  simultaneous  production  of  the  Hint 
nodules  and  sheets  over  extended  horizontal  areas. 

Althoi^g;h  the  analyses  now  about  to  be  quoted  are  somewhat  out 
of  place  in  this  portion  of  my  paper,  I  introduce  them  here  as  a  re- 
quisite preliminary  to  some  observations  on  colloid  phenomena  which 
follow,  it  being  of  importance  that  their  bearing  on  these  should  be 
clearly  understood. 

The  first  of  these  analvses  to  which  1  have  to  direct  attention 
IS  one,  by  the  late  Mr.  David  I'orbes,  of  a  sample  of  Atlantic 
ooae,"  obtained  from  a  depth  of  1443  fathoms  to  the  south-eastwa^ 
of  the  Kookall  shoal,  off  &o  north-west  coast  of  Ireland,  during  tho 
cruise  of  the  '  Porcupine '  in  1869.  **  A  complete  analysis  of  this 
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aunple,"  ICr.  Porbes  obeeryeu  in  his  Beport,  "  shows  its  chomicol 
oompoeitaoii  to  be  as  f  oUows : — 


**  Carbonate  of  limo    50*12 

Alumina  (  with  phosphoric  acid)  soluble  in  acids  1*33 

Sesqtdozide  of  iron,  aoliilile  in  adds   2*17 

Silica  in  a  soluble  ooncUtion   6*04 

Fino  inaolable  gritfy  sand  (rook  debris)  ....  26-77 

Water   2-90 

Organic  matter    4*19 

Chloride  of  sodium  and  othor  soluble  salts  . .  7*48 


100*00 

If  wo  compare  the  chemical  composition  as  aboYO  with  that  of 
ordinary  ohalk,  which  oonaista  all  but  entirely  of  carbonate  of  lime, 

and  seldom  contains  more  than  from  2  to  4  per  cent,  of  foreign 
matter  (clay,  silica,  &c.),  it  will  bo  seen  that  it  differs  chiefly  in 
containing  so  xory  larpro  an  amount  of  rock  matter  in  a  fine  state  of 
division.  If  wo  suhtiact  tlie  wat«r,  organic  matter,  and  marine 
salts,  which  would  probably  in  greatest  part  bo  removed  before  such 
mnd  eonld  in  proocBs  of  ages  be  cQnTorted  into  solid  iwk,  even  then 
the  amoont  of  oarbonato  of  lime  or  pure  chalk  would  not  be  more 
than,  at  highest,  some  60  per  cent,  of  the  mass.  As  regards  the  pro- 
bable origin  of  the  pebbles  and  gravel  found  iu  the  various  drodgiugSj 
it  will  be  seen  from  the  description*  that  they  consist  principally  of 
fragments  ot  volcanic  rocks  and  crystalline  schists.  Tlufornu  r  luxve 
^  probability  came  from  ledand  or  Jim  Mtyen^  whilst  tlio  latter 
have  probably  proeeeded  firom  the  north-west  coast  of  IreUnd." 

The  next  analysis  is  by  Mr.  W.  J.  Ward,  and  was  made  in  the 
Chemical  Laboratory  of  the  Geological  ifuscnm,  .Termyn  Street.  It 
is  taken  from  'The  Memoirs  of  the  Geological  Survey,'  vol.  iv.  p.  15 
(by  Mr.  Whitaker,  B.A.),  the  material  being  a  sample  of  "  the  Upper 
Chalk  with  Flints  "  from  the  vicinity  of  GraTcseud.  In  this  thero 
were  in  100  parts  of  the  ehalk 

Carbonate  of  lime    98*52 

Ignited  insoluble  residue,  chiefly  silica . .  *65 
Sulphate  of  lime   *14 

99*31 

The  remaimng  firaetaonal  parts  oonnst  of  otiier  materials  in  very 

minute  quantitiea. 

Lastly,  there  are  two  analyses  of  grey  and  white  Chalk  which  I 
quote  from  an  address  delivered  by  the  President,  Mr.  Prestwich,  at 

the  Anniversary  Meeting  of  the  Geological  Society  in  Feb.  1871 — 
an  address  replete  with  valuable  information  of  all  kindd  bearing 

*  A  lepftrate  description  is  given  of  these  (U7  subangular  fragments,  in  gene- 
lal  not  aeom  i  to  ^  gram  in  weight,  the  biggeit  only  weighiiig  3  grains  (' I^^ 
of  tbaSsm'  187%  ipptndix  0,  p.  514). 

•  2 
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on  deep-sea  exploration  down  to  the  period  in  qneetion.  These 
analyaee,  like  the  flnt  (rf  the  sbof«,  are  by  the  late  Mr.  David  Forbes, 

whose  note  on  tho  subject  I  here  transcribe  :-^**The  specimens  of 
Atlantic  mud  which  1  have  examined  differ  very  essentially  from 
chalk  in  composition;  and  no  single  onr'  ot"  them  (if  consolidated) 
could  be  entitled  to  tho  api>eUation  of  chalk,  aa  ordinarily  un'lor- 
stood  by  geologists  or  chemists.  In  order  to  make  a  correct  com- 
parison of  their  composition  with  that  of  chalk,  I  was  obliged  to 
make  analyses  of  the  latter  rock,  two  of  which  I  annex: — 

Grey  Chalk  \Tliite  Chalk, 
(Uiso  of),  Shoreham, 
Fulkestuue.  Sussex. 


Carbonate  of  lime    94*09  98-40 

Carbonate  of  magnesia   0-31  0-08 

Insoluble  rock  debris    3-01  1*10 

Phosphoric  acid    traces.  .... 

Alumina  and  loss  in  analysis   0*42 

Chloride  of  sodium   1*21)  .... 

Water   0*70  .... 


100-00  100-00" 

Beferring  to  tiiese,  Mr.  Prcstwieh  observes,  in  a  later  part  of  his 
address : — "  From  what  I  have  previously  said,  you  will  h;iv(^  un- 
derstood that,  litholopcully,  there  is  but  little  reseral)lance  between 
the  Atlantic  mud  and  our  ty])ical  white  chalk,  none  that  could 
ever  liave  led  a  geologist  into  any  error  of  determination,  in  fact, 
•in  no  part  of  the  area  yet  expbred  is  there  any  thing  at  aU  to  be 
identified  lithologioally  with  the  trae  white  chalk.  Even  if  it  were 
found  that  the  superposition  were  conformable,  the  difference  of 
mineral  character  is  too  marked.  At  the  same  time  it  is  to  be 
observed  that  thr  nr,  fi  of  the  Atlantic  so  vast  that,  rarinhfc  as  the 
dejjosil  now  yoiny  un  seems  to  be^  it  is  probably  litiU^  ij  any,  more  so 
than  thai  whi^  wni  on  in  tome  partt  of  ihe  Chalk  oeries  in  the  bed 
of  the  Chalk  oeean  over  the  old  European  area,  Cf  l3%e  rate  of  tho 
present  dfjiosit  we  hww  nothing.  Is  it  even  goii^  on  everywhere 
over  the  drep  Atlantic?'' 

Af^ain,  ^Ir.  Prestwich  says  : — "  Tlie  Atlmtic  abyssal  mud  has  been 
found  to  ctmtain  from  50  to  <iO  iHiV  cent,  of  carbonate  of  lime,  lio  to 
30  of  silica,  with  small  variable  proportions  of  alumina,  magnesia, 
and  oxide  of  iron.  Its  appearance,  when  dry,  is  chalk-like ;  but  it 
is  to  be  observed  that  our  chalk  is  a  much  more  homogeneous  rook, 
containing  from  95  to  09  per  cent,  of  carbonate  of  lime,  while  Vfon 
our  prrey  cbnlk  contains  from  So  to  JM)  per  cent.  The  larp:e  propor- 
tion of  calcareous  Foraminifera  in  the  chalk,  and  of  siliceous  i'e/y- 
cystitia  and  vitreous  iSponyes  in  the  Atlantic  mud,  may,  however, 
render  this  rather  a  question  of  proportion  than  of  radical  difference." 

Lastly,  I  have  to  cite  1^  Wyville  Thomson's  most  recently  formed 
opinion  on  the  subject,  ns  expressed  in  his  work  *  Tho  Depths  of  the 
8ea'  (pp.  l"^",  4"^!  ).  "  It  would  seem,"  he  says,  "  from  the  analysis 
of  chalk,  that  siHccous  organisms  wcro  entirely  wuating  in  the 
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ancioTit  Cretaceous  sea.  In  clialk-mud,  on  tho  other  hand,  silica  is 
found  in  abundaucc,  in  most  specimens  to  the  amount  of  from  30  to 
40  per  cent.  A  considerable  proportion  of  this  is  inorganic  silica-^ 
■and ;  and  its  preaenoe  ia  donbtleaa  due  to  the  oinniiiiataiioe  tbat  our 
drcdgings  have  hitherto  (1872)  been  eanied  on  in  the  neighbour- 
hood of  land  and  in  the  path  of  carronts.  ....  A  oonsiderable 
proportion  of  the  silex  of  the  chalk-mud,  however,  ronm/tts  of  the 
8p{ctih\^  of  Sponges,  of  the  spicules  and  shields  of  riuiiolarians.  and 
of  tho  IrUiitules  of  JJiatoms.  Aixd  this  organic  silica  is  unijormly 
dutrSntUd  through  the  mimJ* 

Now  three  distinct  and  important  Aianmptiona  demand  attention 
in  connexion  "vnth  these  reports  and  aiiul\  ses. 

In  the  first  place,  the  assumption  on  m  Inch  it  will  bo  remembered 
a  good  deal  of  empliasis  ^^■;ls  laid  by  mo  at  the  beginning  of  this 
paper — namely,  that  the  chalk,  aa  we  now  hnd  it,  gives  on  analysis 
any  thing  like  an  aeenrate  or,  let  me  say,  an  even  approximately 
aeonnte  idee  of  the  peroentage  of  ailica,  organic  and  inoiganio, 
present  in  it  when  it  exiated  in  the  shape  of  oaleareous  mud  at  the 
bottom  of  the  old  Cretaceous  sea. 

In  the  second  place,  the  assumption  (for  it  is  obviously  quite  im- 
possible that  it  can  bo  any  thing  more  in  the  present  state  of  our 
knowledge,  as  to  what  may,  or  may  not,  bo  found  a  very  few  inches 
beneath  the  surfaoe  of  the  muddy  deposit  )  that  a  specimen  of  bottom 
obtained  from  such  a  thin  suj>erii(  ial  stratum  (where,  according  to 
my  hyiiotliosis,  nearly  the  whole  of  the  silica  is  either  dissolved  or 
stored  tliat  has  boon  gradually  accumulating  since  tho  stratum 
of  nascent  chalk  deiiosited  simultaneously  with  it)  furnishes  a  trust- 
worthy index  to  the  lithological  constitution  of  any  portion  of  tho 
subjaoent  mass. 

And,  in  the  third  place,  the  aasnmption  tbat  the  special  analyses 
<tf    Atlantic  mud''  which  have  been  cited — and  which  are  the  only 

ones  heretofore  published,  so  far  as  I  can  discover,  that  have  guided 
scientitic  ojiiuiou  on  the  subject— furnish  a  fair  indieation  of  tho 
quantity  of  insoluble  silica  rock  debris"  of  sorts)  which  is  to  be 
found  in  samples  of  the  typical  mod  procured  from  oceanic  areas 
floi&eiently  remote  from  corrents  capable  of  transportiog  snoh  ddlnna 

from  Tolcanic  or  other  regions. 

As  regards  one  and  uU  of  these  questions,  T  venture,  for  reasons 
already  adduced,  to  believo  that  geuerali/.utions  have  been  formed 
and  relied  u])on  which  were  based  on  data  more  or  less  inapplic- 
able in  each  case,  and  were,  consequently,  in  themselves  faulty ; 
and,  farther  than  this,  with  the  most  implicit  frutb  in  the  absolute 
aecoracy  of  the  analyses,  both  of  my  late  friend  Mr.  David  Forbes 
and(tf  Hr.  Ward,  I  venture  to  affirm  that,  in  the  case  of  the  former, 
no  more  unfortunate  and  misleading  example  of  "Atlantic  mud" 
could  have  been  placed  in  tbe  bands  of  this  a(  cnmjilisbed  geologist 
and  chemist  than  that  which  was  obtained  from  a  position  to  the 
Bouth-eastward  of  Bockall.  I  know  the  ground  ftcm  haring  tra- 
Tersed  it  a  Uttle  to  the  northward,  in  the  *BuIldog,'  in  ISeO; 
and  being  thus  able  to  tssoL  an  opinion  as  to  the  probable  sonrce,  of 
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a  large  proportion  at  least,  of  tho  rock  d^ris  and  volcanic  detritus 
-wliich  was  found  mixed  with  the  mud  in  this  region,  I  think  there 
cannot  be  a  doubt  as  to  these  liaving  been  derived  from  the  sources 
suggested  by  the  analyst  In  most  of  the  samples  of  mod  oMamed 
in  that  oceanic  area,  and  more  particularly  in  the  tract  extending 
across  to  the  north-westward  from  the  Faroes  to  Iceland,  and  again 
from  tho  north-weatom  point  of  Eockall  in  a  north-westerly  direction 
towards  Capo  Rekianess  in  Iceland,  I  almost  invariably  dotoctod 
more  or  less  rock  debris  mingled  with  well-marked  voicauic  materials. 
I  shall  show  presently  irhy  I  eonsider  the  speoimen  of  Atiaaib 
mnd  analysed  by  Mr.  Forbes,  to  which  snoh  a  prominent  place  has 
been  given,  a  most  unfortunately  chosen  one.  But  meanwhile,  I 
would  ohserve  that  there  is  every  reason  to  believe  that,  in  tho  open 
portions  of  the  ^'orth  Atlantic,  tho  really  ty-jncal  mud  supposed  to 
represent  tho  Cretaceous  malarial  is  more  or  less  entirely  devoid  of 
debris  of  this  kind.  Bat»  for  all  tiiis,  the  snijeet  is  in  many  respects 
puzzling  and  complicated,  inasmnohas  pieoes  of  rode  of  oonsidflnMe 
aize  have  undoubtedly  been  found  by  mo  in  mud  obtained  at 
such  distances  from  1  iiul  as  to  render  it  extremely  unlikely  that 
they  could  have  been  drifted  by  even  the  strougest  currents  known 
to  prevail  anywhere  out  at  sea  in  those  latitudes.  JMoreovcr,  as  this 
occurs  in  oceanic  areas  which  for  agos  have  not  seen  the  bottom  of  an 
iceberg  or  even  large  msBses  of  drift-ice — probably  not  since  the 
Qlacdu  period — the  rock  d<^ris  can  scarcely  be  tmceaUe  to  that 
agency.  Nor  is  it  likely  thst  it  can  hayc  been  transported  and 
•  dropped  by  fish ;  for  the  qnestioTi  at  once  arises,  Where  could  fish 
got  it  from?  And  surely  the  rock  debris  could  not  have  lain  to  this 
day  in  its  present  position  at  tho  sea-bed,  uncovered,  to  any  oxtout, 
with  sedimentary  deposit,  since  the  period  when  the  areas  in  whidi 
they  oceor  were  shoal-water  areas,  and  therefore  subject  to  the  in- 
fluence of  currents  capable  of  moving  such  masses  to  long  distances*. 

Vnder  these  circumstances  it  is  desirable  that  the  following  ad- 
ditional facts  indicating  tho  exceptional  condition  of  tho  sea-bed  in 
the  channel  between  the  Kockall  shoal  and  the  north-west  coast  of 
Ireland  should  be  made  more  generally  known  than  they  appear  to 
be.  It  will  be  seen  how  well  founded  wss  Mr.  Dayid  Forbn's  sur- 
mise that  the  volcanic  detritus  in  tho  1443-fathom  mud  had  been 
drifted  either  from  Jan  ^leyen  or  Iceland,  when  T  state  that  be- 
tween the  Faroes  and  tlie  south-western  pait  of  Iceland  there 
exists  a  channel  where  we  found  a  depth  of  ()S0  fathoms.  Tho 
sounding  was  a  most  important  and  interesting  one,  since  it  was 
here  that  I  obtained  the  first  dear  and  really  indisputable  evi- 
dence of  the  presence  of  animal  life  at  such  a  depth.  From  the 
nature  of  tho  creatures  brought  up,  and  a  numl)er  of  condusiTo 
facts  to  which  I  need  not  now  refer  more  particularly,  but  which  have 
also  already  been  fully  described  by  mo  f*  there  are  tho  strongest 

*  This  sabjcct  was  fully  discussed  in  a  pa|>er  contributed  by  inc  to  tho 

*  Quart.  Journ.  of  Soienoe '  for  Jan.  186^  and  aLso  in  mjr  *  jKorth-Atlautic  Sear 

•  :d;  «p.  ^7. 

t  North-Atiantio  Searbed,  pp.  3-7  and  H7. 
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grounds  for  believing  that  the  spot  at  which  the  Bounding  was 
taken  is  a  rocky  one,  and  swept  olear  of  any  deposit  by  a  cnnent 
Bellmg  neaily  dne  boqUi  from  Jan  Heyen,  and,  tm  will  he  seeil  on 
reference  to  any  chart,  flowing  down  in  neaxly  a  direct  line  to  the 
ehannel  between  Bockall  and  the  Irish  coast.  Yet,  in  the  •  Pro- 
oeedinps  of  the  Royal  Society'  (for  Nov.  1869),  the  statomont  is 
pnt  forward  by  Dr.  Carpenter  that,  save  in  the  narrow  channel 
of  682  JaUuyms,  there  is  iio  dc^thgi^ier  tJian  300  futJwms  along  the 
mfheiU  of  the  hatkm  (from  tiie  Euoes  to  ledand),  and  an  eibotaal 
barriw  is  Ans  interpoeed  to  any  corrent  movin|[f  mthwafds  at  a 
dopth  exceeding  this''**  Whilst  m  the  *  Proceedings'  for  June 
1872t  this  extraordinary  assertion  is  repeated  in  a  still  more  mis- 
leading fashion ;  for  here  Dr.  Carpenter  says,  "  In  nvj  lieport  for 
1869,  Ijwinted  out  that  the  comjiarative  shallowness  of  the  bottom 
between  Iceland  and  tAtf  Fkuroe  Islands  teould  interpose  an  effectual 
harrisr  to  amj  (jladal  current  fiMving  souikward  at  a  depth  exceeding 
'300  fa^oms,'' — the  result  of  these  misstatcmcnta  being  that,  in  tho 
chart  appended  to  Sir  Wy  villo  Thomson  s  *  Depths  of  the  Sea,'  in  the 
chart  appended  to  Captain  Davis's  paper  On  tho  Course  of  the 
♦Valorons'"  in  1.S74  (pnbli<!hod  in  tho  '  Gco{>raj)]iical  Mnp^azino' 
for  October  1875),  and  in  the  chart  appended  to  Captain  Markhum's 
^nireshold  of  the  Unknown  Kogion '  (published  in  the  same  year), 
the  680-fatbom  channel  is  altogether  omitted,  the  greatest  deptli 
reoorded  in  these  charts  between  Iceland  and  the  Faroes,  being  in 
the  former  500  fathoms,  and  in  tho  two  latter  only  2r)()  fathoms  ! 
So  fur,  moreover,  from  its  ht-in^  a  fact  tliat  IIrtc  is  no  depth 
greater  than  ;5uu  fathoms,  I  may  mention  that  in  the  two  soundings, 
taken  respectively  at  a  distance  of  fifteen  miles  to  the  eastward  and 
westward  of  the  680-fathom  bottom,  the  depths  diseoTered  were 
SoO  and  368  fathom r^.  As  I  had  the  honour  of  presenting  Dr.  Car- 
penter, in  18<)2,  with  a  copy  of  my  wt^rk,  in  which  there  is  a  chart 
setting  forth  all  tho^o  particular?,  T  am  somewhat  at  a  los8  t^  con- 
ceive how  he  could  have  committed  such  an  error.  Indeed  it  is 
impossible  to  explain  it  on  any  other  supposition  than  that  this 
antiior't  wett-known  scientific  ardonr  caused  him  to  remain  hUnd 
to  the  fret  that  the  presence  of  the  680-fathom  bottom  in  this 
region  was  fatal  to  the  tlicorj-  ho  was  at  the  time  propounding 
with  reference  to  the  (](op  oceanic  circulation  of  this  particular 
rcfrion.  On  the  other  hand,  it  is  hut  an  act  of  justice  to  those  who 
superintended  tlie  soundings  on  board  the  '  Jiulldog '  in  LSOU,  to 
state  that  these  conld  not  have  been  more  aUy  conducted  or  more 
thoroughly  trustworthy  in  every  respect 

Bearinix  in  mind,  then,  the  various  circumstances  now  referred 
to,  I  tliink  wc  aro  fully  justified  in  concluding;  that,  for  tho  pur- 
poses of  exact  analyj^is  and  com])arison  (  such  analysis  as  can  alone 
be  of  service  to  the  fjeoloj^st),  the  whole  of  the  methods  heretofore 
employed  for  obtaining  an  insight  into  the  precise  lithologicul  com- 
positum  of  the  rock-material  now  forming  at  tho  bed  of  the  ocean 

*  Proe.  Boy.  See.  for  NoTcmber  I9ti%  rol  xviii.  No.  121,  p.  4G4. 
t  Proe.  Boy.  Soc,  June  1872,  vol.  xx.  Ko.  138,  p.  dOl. 
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have  been  singularly  insufficient,  however  valuable  they  may  be  (and 
▼aluAble  tiiejiuiqiieBtaooablT  aze)  to      oatoralist  and  Udogiat*. 
It  la  llienfon  quite  poiaible  that  on  analyaea  being  mado  of  mud 

procured  from  oceanic  aieaa  free  from  any  source  of  exceptional 
mineral  admixture,  the  percentage  (30  per  cent,  or  thereabouts)  of 
soluble  and  insoluble  silicoous  materials  which  has  been  supposed 
to  apply  to  the  Atlantic  mud  generally  may  much  more  ciotiel^'  ap- 
proximate to  the  small  residuiun  which  ia  known  now  to  ooat  m 
ih»  Chalk.  In  oonnexion  with  thia  anbjeet  I  cannot  refrain  from 
qnoting  an  admirable  passage  in  Prolessor  Prestwich's'  Address, 
to  which  I  have  already  been  so  deeply  indebted.  It  is  as 
follows  : — "  In  one  point  of  view,  tlie  fj^culop^ist  has  the  advantage 
over  the  naturalist.  The  latter  examines  the  coasts,  and  dredges 
in  the  ocean,  but  he  can  only  skim  the  surface,  whereas  the  former 

baa  the  old  sea-bedB  opened  out  to  him  What  may  be  under 

the  surface  of  the  Atlantic  mud  we  know  not.  Is  there  a  succession 
of  strata  extending  down  to  the  e<]iiivaleuts  in  time  of  our  chalk 
strata  ?  or  would  tlie  equivalent  of  the  latter  prove  to  be  merely 
one  part  of  a  series,  the  other  end  of  wliieh  would  convoy  us  l)ack 
to  the  Oolitic,  J  urassic,  Triassie,  or  even  Caiboniferous  timeti  ?  .  .  .  . 
The  present  ezpbrations,  full  of  intereat  and  Taluable  as  they  aie^ 
are  insignificant  compared  with  the  yaat  area  of  the  ocean  "  (2oe.  dt. 
pp.  49,  50). 

It  now  only  r^nains  for  me  to  oomplrto  the  present  ])reliminarv 
sketch  ot  the  agencies  concenied  in  the  toi mation  of  tbc  hint.s  i'rum 
the  materials  present  wherever  the  calcareous  mud  of  the  Atlantic 
is  to  be  Ibnnd,  by  stating  that  the  Stratification  of  the  Flints  is  due 
to  the  fact,  already  toached  upon  in  a  previous  page,  that  nearly  the 
whole  of  the  silex  derived  from  the  Spon<::cs  on  the  one  hand,  and 
the  continual  subsidence  of  minute  dead  siliceous  organisms  on  the 
other,  is  retained  in  the  p;eneral  protoplasnuc  layer  which  I  have 
shown  maintains  its  position  on  the  immediate  surface  oi  llie  cal- 
careous deposit,  and  gradually  dissolves  the  silex.  This  layer,  in 
virtae  of  its  inferior  specific  gravit  y,  rises  with  every  increase  in  the 
thickness  of  the  deposit,  until,  at  last,  the  supers  a  turation  of  the 
protoplasmic  masses  with  sik'x  takes  place,  and  the  first  step  to- 
wards the  consolidation  into  flint  is  accompli-slud — tlio  contiiniity  of 
sponge-lile,  and  of  the  various  other  forms  which  tenant  the  calca- 
reous areas,  being  secured  through  the  oozy  spaces  which  separate 
the  sponge-beds,  and  thus  admit  of  both  adnlt  and  larval  forms 
having  free  access  to  the  overlying  stratum  of  water. 

That  the  prediH]x>8ition  of  silica,  itsdf  in  reality  a  colloid,  to 
form  colloidal  combinations  with  albuminous  and  other  materials 

*  Til  iSiVA,  at  n  ISroctiiig  of  the  Eoynl  Geographical  Sooioly,  I  exhibited 
vunous  IbriiiB  of  deep-soa  upparatus,  and  amongst  these  a  riliiiicitr,  specially 
desigrud  bj  tne  for  penetrating'  the  (i(>«-p-Bea  d^MtitB  to  a  eonsiderable  Stance 
nud  bringing  up  a  ciirt  about  li  iikIk-s  in  (hiimcti-r  iiiul  from  10  to  15  inolifs  in 
length.  Xhu  iut<truiiient  was  also  adopted  for  giving  distinct  iudicatiuus  of 
rocky  bottom.  Tins  Telimeter  wat  highly  rooken  of  by  Sir  Eoderidc  Murchison 
on  the-  ocoaaioa  raferred  to.  (See  * Proc.  Boy.  OeogTaiA.  Soc.'  voL  vii  Ko.  2, 
IbtW.) 
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"was  known  long  before  deep-sea  exploration  was  dreamt  of,  is  a 
well-known  hintorioal  fact ;  it  has  been  alluded  to  by  most  of  the 
wriien  who  have  attempted  an  oplaoation  of  tiie  mode  of  ftmia- 

tion  of  the  flints.  But  the  various  conditions  that  present  them- 
selves, from  the  earliest  elimination  of  the  silica  from  the  eea-water 
to  the  period  when  it  becomes  finally  consolidated,  haTe  lievef,  that 
I  am  aware,  been  consecutively  followed  out. 

There  is  one  distinguished  authority,  long  since  deceased,  whose 
nnpieten^iu  little  yoAiime,  ^Besearehea  in  Iboontical  Geology/  is 
■o  pregnant  with  valuable  suggeetionB,  which  ebarly  pointed  to  traths 
then  only  looming  in  the  far  future  of  his  cherished  science,  that  no 
apology,  T  am  sure,  is  needed  for  offering  a  short  extract  from  his 
remarks  on  the  present  subject.  1  allude,  of  course,  to  Sir  Henry  De 
La  JJeche.  To  him,  or  rather  through  him  in  this  particular  instance, 
are  we  indebted  for  tiie  fint  clear  suggestion  in  reference  to  the 
peeoUar  mdecolar  behavioar  of  oomminnted  partidos  of  silioa  when 
kept  for  a  time  in  suspension  alon^^  with  clayey  matter  in  watOT. 
He  stated  that,  according  to  Mr.  J^il)l)ape,  the  mode  of  formation  of 
tlie  chalk  flints  received  an  illustration  in  the  common  j)roce8s  of  pre- 
paiing  the  plastic  substance  for  the  potteries :  when  flints,  haWug  been 
pienoiisly  hnint  and  ground,  were  suspended  with  clayey  matter  in 
water,  a  deposit  was  produced  which  posseesed  the  requisite  distri- 
bution  of  the  particles  of  silica  among  the  day  for  pottery  purposes ; 
if  this  compound  were  used  in  proper  time,  the  silic(  ous  partidee 
remained  disseminated  ;  but  if  allowed  to  coutiniK^  too  longat  rest, 
the  silica  became  aggregated  into  small  lumps,  and  the  ynfl^ft 
rendered  useless  for  the  manufacturer  *. 

But  that  the  cdloidsl  idiotynmuy  of  silioa  performed  a  much 
more  important  function  in  tile  phenomena  connected  with  the 
flints  than  has  heretofore  been  supposed,  appears  to  me  to  be  indi- 
cated by  the  evidence  of  tlie  almost  perfect  incorporation  of  the 
organic  silica  with  a  colloid  material,  the  unique  yimcdnforvi  nodu- 
lation  of  tho  flints,  and  its  homogeneousuess,  whether  occurring  in 
nodnlfis,  in  continuous  dieets  paralld  to  the  stratification,  or  as 
duggish  overflows  into  fissures  in  the  Chalk.  But  for  a  very 
luighly  developed  colloidal  condition  of  the  materials  these  peculiari- 
ties could  not,  I  conceive,  have  presented  themselves  so  uniformly 
throughout  tho  formation.  From  a  mere  aqueous  solution  the 
deposit  of  silica  would  have  exhibited  totally  different  characters  • 
there  would  have  been  a  general  infiltration  into  the  substance  of 
the  dudk,  the  partides  of  which  wonld  thereby  have  been  cemented 
together,  so  as  to  form  a  siliceous  limestone ;  the  various  minute 
organic  forms  in  which  tho  silica  showed  itself,  though,  no  doubt, 
ca])able  of  solution  to  a  limited  extent  in  water  charged  more  or  less 
highly  with  carbonic  acid,  ajid  aided  perhaps  by  the  stupendous 
pressure,  would  have  occasionally  left  more  pronoimced  traces  of 
their  original  structure  than  is  observable  in  the  body  of  the  flints  • 
probably  all  the  fossils  would  have  been  either  infiltrated  with  silica^ 
or  a  snbititatiim  of  that  substance  would  have  taken  place  even  more 

«  Pttb]3ibedinl8Hpp.9Q,9Q. 
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frequently  than  irs  find  it;  lihere  woM  htre  ben  no  tagna  of  the 
specific  contnotility  pertaming  to  eoUoidal  sQiele  add;  tho  rcBid^ 
ing  siliceous  mineral  instead  of  appearing,  when  not  rendered  chwty 

by  insolublo  mntt^^r,  as  "  a  colloidal  glassy  hf/alitc.*'  -^ould  have  pre- 
sented itself  cither  as  compact  quartz,  or  possibly  as  an  alkaline 
silicate ;  and,  lastly,  there  would  have  been  wanting  the  evidence 
of  the  greater  pomoa  of  the  BQkoons  material  having  been,  aa  it 
were,  continnooaly  waylaid  and  absorbed,  aa  it  desoended  from  tho 
surface  of  the  ooean,into  the  colloidal  protophiamic  mass  resting  upon 
the  immediate  upper  surfiu  o  of  the  calcareous  doposit. 

If  we  compare  the  evidence  thus  furnished  of  marked  colloidal 
action  with  what  is  known  of  the  properties  of  silicic  acid  when 
in  the  presence  of  another  powerful  colloid,  and  favoured  by  tho 
nature  of  the  conditions  aa  to  unlimited  time,  low  temperataie,  the 
pvesenoe  of  Tarions  alkaline  substances  and  finely  comminuted 
mineral  matter,  and  the  reign  of  almost  perfect  quiescence,  I  think 
it  will  be  aflmitt-ed  that,  although  many  doubtful  and  obscure  points 
still  remain  to  ])o  elaborated,  as  a  whole  the  viow  hero  advocated  re- 
ceives substantial  confirmation  in  most  of  its  leading  particulars*. 

In  conclusion,  I  beg  to  czprees  a  hope  that,  although  the  length 
already  attained  by  the  present  communication  has  debarred  me 
from  bringing  fonrerd  a  number  of  important  facts  and  obaervaMons 
which  would  have  materially  strengthened  my  arguments,  consider- 
ing the  complex  nature  of  the  incpiiry  and  the  special  difficulties 
belonging  to  it,  the  following  conclusions  have,  on  the  wholi-,  been 
fairly  sustained : — 1.  That  the  silica  of  tho  flints  is  derived  mainly 
from  the  si)ongo-beds  and  sponge-fidds  which  exist  in  immense  pro- 
fusion over  tho  areas  occupied  by  the  Globigcrinc  or  calcareous 
"ooze/'  2.  That  the  deep-sea  sponges,  with  th(ir  environment  of 
protoplasmic  matter,  constitute  hy  far  the  most  important  and  essen- 
tial factors  in  the  production  and  stratiticaf  ion  of  the  Hints.  3.  That, 
whereas  nearly  the  whole  of  the  carbonate  of  lime,  derived  partly 
from  ForaminSCiera  and  other  organisms  that  have  lived  and  ^ed  at 
the  bottom,  and  partly  from  such  as  have  subsided  to  the  bottom 
only  after  death,  goes  to  Iniild  up  the  calcareous  stratum^  nearly  tiie 
whole  of  tlie  silica,  whether  derived  from  tho  deep-sea  sponges  or 
from  surface  I'roto/.oa.  ir'>(>s  to  form  the  flints.  4.  That  the  sponges 
aro  tho  only  reuDy  important  contributors  to  tho  flint-formation 
that  live  and  die  at  the  sea-bed.  5.  That  the  flints  are  just  aa 
much  an  oi^^nio  product  as  the  Chalk  itself.  6.  That  the  stratifi- 
cation of  the  flint  is  tlio  immediate  result  of  all  sessile  Protozoan 
life  being  confined  to  the  suju-rficial  layer  of  the  muddy  deposits. 
7.  That  the  su])?!tance  Aviiich  re^:eived  the  name  of  Bafhifhi'is" 
and  was  declared  to  be  an  independent  living  Monoron,  is,  in  reality, 
sponge-protoplasm.  8.  That  no  valid  lithological  distinction  exists 
between  tho  Chalk  and  the  calcareous  mud  of  the  Atlantic;  and 

*  See  a  panor,  by  the  lato  Mr.  Graham,  "  Ou  the  Properties  of  Silicic  Acid," 
in  the  Prop.  Koj.  8oe.  for  Juno  IHM,  in  which  will  be  found  a  number  of 
interestiiij^  faot^'bonrin^  u])Mn  the  hypothesis  put  forward  by  me.  I  would 
particularly  direcL  otleutiou  to  pp.  33d-it37. 


JUiiUAT  OW  TEE  CBBC&OBOVS  IxmiL 


91 


pro  tanto^  therefore,  the  calcareous  mud  may  be,  and  in  all  proba- 
bility is,  a  eontiiroation  of  the  Chalk  formatioii.'' 

Dnounnm* 

The  President  stated  that  he  had  formerly  studied  this  subject, 
and  como  to  the  conclusion  that,  though  deep-sea  mud  differs  from 
Chalk  in  man^f  important  particulars,  yet  still  it  was  sufficiently 
zdated  to  wamnt  a  oompariaon.  Since  ilio  remains  d  eOioeoiiB 
organisms  aie  absent  from  the  Chalk,  hot  flints  present,  whilst  in 
the  deep-sea  mud  siliceous  organiRms  are  abundant  and  flints 
absent,  probably  the  material  of  the  flints  had  been  to  a  greater  or 
less  extent  derived  from  theso  organisms.  Much,  however,  re- 
mains to  be  learned. 

Mr.  Etaiib  said  that  tiie  anther  seemed  to  have  given  a  vera  caum 
for  the  intennittent  ohaiaeter  oi  the  Chalk  flints.  He  doubted  if 
the  protoplasm  could  be  in  any  sense  a  producer  of  flint.  There 
was  always  a  certain  amount  of  silica  in  solution  in  sca-watcr ; 
and  there  seemed  evidence  that,  after  the  deposition  of  the  beds, 
a  considerable  quantity  of  silica  was  aggregated  by  a  sort  of 
dialyzing  process.  This  was  sho^m  by  the  deposition  of  flints  in 
walls  in  the  Chalk  &c.,  so  that  it  was  possible  that  the  absence  of 
flint  from  intermediate  layers  might  be  partly  accounted  for  in  this 
way. 

yir.  Charleswortit  said  the  origin  of  flint  was  in  groat  confusion, 
lie  recapitulated  some  of  the  views  which  had  been  entertained  on 
the  question.  He  said  that  the  author  was  mistaken  in  supposing 
that  Br.  Bowerbank  and  Br.  Msntell  agreed  as  to  the  origin  of  flint ; 
for  the  latter  did  not  suppose  every  pieoe  of  flint  to  be  a  sponge. 

Prof.  Sekxjrt  thou^t  the  author  had  neglected  the  geological 
liistor}'  of  the  occurrence  of  flint.  He  thoiiglit  fbe  fissnros  tilled 
with  flint,  and  the  tabular  layers  investing  nodules,  showed  that 
probably  the  flint  had  gradually  come  into  existence  in  the  Chalk. 
The  flint  in  the  Assures  must  be,  as  it  were,  tiltered  from  the 
Chalk.  In  dealing  with  the  question  we  must  remember  how  flint 
oocurrod  in  other  formations ;  and  the  question  which  dealt  w  ith 
the  occurrence  of  flint  in  the  Chalk  must  deal  with  it  in  other 
formations,  and  a.s  replacing  shell  and  coral,  as  filling  cavities  with- 
out replacing'  the  shell,  and  ;is  external  investing  masses  rt»un(l  frag- 
ments of  fossils,  lie  thought  that  the  liinly  masses  of  the  Chalk 
were  veiy  analogous  to  the  septarian  masses  of  the  clays,  and  that  the 
flints  had  grown,  and  oven  now  were  growing.  The  researches  of 
Dr.  Ort^am  on  dialysis  had  deftied  up  the  way  in  which  flint  in 
Chalk  may  become  soluble. 

Mr.  WuiTAKER  remarked  that  jirovious  speakers  had  said  most 
that  he  had  to  say.  It  must  be  remembered  that  liints  occurred 
not  only  in  kyers  of  nodules  but  in  tabular  layers,  as  in  tho  Isle  of 
Thanet ;  several  of  these  at  the  present  day  were  water-bearing, 
which  would  be  favourable  to  the  theory  of  subsequent  formation. 
It  was  probable  that  flint  had  boon  deposited  in  more  than  oneway. 
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It  would  be  interesting  to  compare  analyses  of  Chalk  where  there 
were  many  and  where  there  wm  no  layeiB  of  ilint.  He  mentioned 
a  oaee  where  one  of  the  greennsoated  flmto  at  the  base  of  theThanefe 

Band  was  imbedded  in  a  band  of  white  flint  in  the  Chalk  below* 
which  Litter,  therefore,  must  li!ive  been  formed  round  the  former. 

Mr.  HuDLKsroN  said  that  Mr.  Mortimer,  in  a  recent  ])aper.  had 
stated  that  the  upper  tiintless  Marsupite  Chalk  of  Yorkshire  con- 
tained twice  as  much  silica  as  the  middle  or  flint-bearing  Chalk.  At 
North  Grimston,  in  the  Coral  Bag,  where  tiie  beds  were  flat^  there 
was  no  flint;  where  tliey  were  bent,  there  were  many  flints. 

Dr.  Waluch  said  Mr.  Charlesworth  had  cjuite  misunderstood  him 
about  Dr.  Bowerbank's  and  ^fantcirs.  views.  The  time  at  his 
disposal  forbade  his  ;j:<>ini^  into  the  whole  (piestion  :  but,  briefly,  his 
view  was  that  the  sponges  attracted  the  colloidal  bilicu  which  cxiiited 
at  the  Biurihce  of  the  mud. 
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Habbi.  By  Ber.  T.  O.  Bomnr,  F JL.8.,  Seo.  OA,  Pn>- 
liB88or  of  Qeology  in  XTiii?eraty  OoU^ge^  London,  and  FeUow  of 
Si.  John's  Colkge,  Cambridge.   (Bead  Deoomber  3, 1879.) 

The  relations  of  the  rocks  on  the  western  border  of  Boss  and  Suther* 
land  hsTe  long  been  a  subject  of  controveray.  Into  the  detaOs  of 
this  it  is  needless  to  enter  on  the  present  occasion,  as  they  have  been 

recently  recapitulated  by  Mr.  Hudleston  in  a  luminous  critical 
sketch  communicated  to  the  Geologists'  Association  and  published 
in  their  Proceedings  The  materials  for  this  sketch  are  mainly 
contained  iu  our  own  Journal ;  and  the  last  contribution  to  the  sub- 
jeet  iras  a  paper  read  by  Dr.  Hloks  on  Hay  22,  1878  f.  After  Ub- 
tening  to  the  ingenious  theory  pat  forward  by  that  author,  it  ooonrred 
to  me  that  the  question  was  one  on  which  the  testimony  of  the  mien^ 
scope  ought  to  be  especially  valuable.  According  I  spent  some  days 
last  summer  at  Kinlochewe,  in  order  to  examine  the  rocks  in  the  field 
and  to  obtain  specimens  for  microscopic  work.  I  have  now  the 
hononr  of  laying  before  the  Sodefy  the  results  of  theso  investiga- 
tions. 

(1)  SjfMtU  €f  CfUn  Laggan, 

Provions  writers  on  the  above  section  have  agreed  in  stating  that 

a  mass  of  igneous  rock  makes  its  appearance  on  the  floor  of  Glen 

Laggan,  alK)ut  two  miles  from  Kinlochewe,  and  extends  for  some  dis- 
tance up  the  bed  of  the  stream,  apparently  cutting  off  the  quartzitc 
from  the  newer  group.  This  rock  is  called  diorite  by  2sicul, 
syeoite  by  Unrohison,  Geikie,  and  Hicks;  it  is  shown  by  the  last 
author  npon  a  seetion^  as  intnuiTe  among  the  ealeareous  series 
which  overlies  the  qnaitdtes. 

Almost  immediately  on  reaching  the  spot  where  the  "syenite" 
first  appears  on  the  floor  of  Glen  Luggauvj'  1  was  struck  with  its 
gneissic  aspect.  Without,  however,  halting  for  long,  I  walked  up 
the  bed  of  the  valley  for  about  two  miles,  examining  the  rocks  as  I 
went,  and  fbnnd  this  gneissic  aspect  continued.  About  100  yards 
from  a  cottage  (perhaps  three  miles  from  Kinlochewe)  there  was  indu- 
bitable gneiss,  the  foliation  dipping  to  about  W.  30°  S.I,  Xcar  the 
junction  of  the  two  upper  branches  of  the  I  clinibt-d  up  the  right 
bank  for  about  *iO0  ft.,  and  found  clearly  marked  foliation,  dipping  at 
25''  to  about  S.E.  ;  and  about  50  ft.  above  this  a  well-banded  gneiss 
ooeurs,  dipping  ^  to  about  E.  Still  higher  up  I  found  a  sharper 
dip,  rather  to  £.S.E.f 

*  Vol.  vi.  Xo.  2.  t  Publish wl  vol.  xrxir.  p.  811. 

1  Q.  .T.  G.  8.  xxxir.  p.  814.  5  Glen  Cruohahe  of  Murchison. 

I  The  reAdinga  were  mode  with  a  pocket  compass,  subeequently  corrected 
to  true. 

It  may  bo  wril  to  mention  thnt  I  nm  pfrfeftly  aware  (seo  my  paper 
Q.  J.  G.  S.  Vol.  xuiii.  p.  Ht>3  ic.)  that  occai»ioually  true  igneous  rocks  exhibit 
foliation.  Thia  poMibilii  j  was  alwa^-s  present  to  my  mind  during  the  exami* 
nationofdiesbovtdiiteict;  Imtwhatlthensawnenmineipliakliwinihstway. 
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I  then  letomed  totiie  weU-known  Mction  at  the  lower  eiidof  tliii 
ayenite   maMtf.    The  stream  has  cut  a  shallow  but  picturesque 
gorge  in  the  crystalline  rock,  at  the  mouth  of  which  the  limestone" 

is  ■well  exposed  1>y  the  water  Bide.  The  former  rock  chiefly  consists 
of  a  pink  felspar  and  a  {;reen  micaceous  mineral,  with  variable 
amounts  of  quartz  aud  a  little  epidote.  Everywhere  its  aspect  is 
rather  that  of  a  metamorphic  than  a  granitic  roek*,  the  green  mineral 
in  most  places  giving  it  a  foliated  struotnie,  which  strikes  from  about 
W.  20°  N.  to  E.  20°  S.  in  one  part,  to  about  N.E.  and  S.E.  in  another. 
This  is  particularly  distinct  on  the  left  bank,  about  ^50  yards  above 
the  junction  with  the  calcareous  series,  where  the  rock  is  beyond 
question  a  rather  felspathic  gneiss. 

On  following  the  syenite  "  up  the  slope  of  the  right  hank  of  the 
▼alley  we  find  a  green  eerpentinons-looking  sohist  emerging  firom  be- 
neath it.  This,  on  miorosoopic  examination,  proves  to  be  a  true  sohist. 
It  consists  of  quartz  and  felspar,  with  opacitc,  viriditc,  and  a  fibrous 
chloritic  or  hornblendic  mineral,  the  amount  of  the  tureen  constituent 
being  less  tliun,  from  the  colour  of  the  rock,  one  mi^ht  expect. 
It  exhibits  a  very  marked  fragmeutul  structure  ;  but  this  I  strongly 
suspect  to  be  due  to  crashing  in  sUuf, 

The  beds  of  the  qnarfanee  and  ealcareons  series  near  the  liver  dip 
to  about  S.8.E.  at  angles  varying  roughly  from  20°  to  30°.  Somo 
100  feet  up  tlie  s1<)]h>  the  angle  is  37°  S.S.E.  Further  down  the 
stream  the  dij)  cliau^'es  nearer  to  E..  and  there  is  a  roll  over.  I  care- 
fully examined  the  relations  of  the  syenite  "  and  of  the  calcareous 
series,  and  could  not  find  that  they  ezhihited  any  of  the  ordinary 
indications  of  the  junction  of  an  introsiTo  ignoons  and  a  sedimentary 
rook.  In  most  of  such  cases  that  I  have  examined  (and  they  are 
many),  where  the  former  rock  is  coarsdy  cr}-8talline,  the  line  of  junc- 
tion is  firmly  welded  and  usually  found  with  ease,  if  a  fair  surface  of 
rock  be  exjioscd.  Here,  thougli  the  two  rocks  could  often  be  scon 
almost  touching,  no  contact-specimen  could  be  discovered,  and  every 
appearance  indicated  that  the  jnnetion  is  a  fiinlted  one.  Nieither  of 
the  rocks  changes  in  mineral  character  on  approaching  thebonndary ; 
both  appear  rather  crushed  and  this  structure  beoomoe  very 
evident  on  microscopic  examination,  one  of  the  8i>ecimcnB  appearing 
singularly  like  au  angular  quartz-felspar  grit§.   After  much  careful 

*  I  do  not  refer  hero  to  foliation  only,  but  a  peculiar  indeflnitanMB  In  the 

outlines  of  tlie  rrvstalliiie  eonstituenta  and  other  characters. 

t  Itoughly  on  the  »triko  of  the  above,  and  higher  up  the  hill,  a  rather  schisty 
prey  rock  appears  to  be  OTerlam  by  the  syenite."  Inere  is,  however,  nothing 
incompatible  with  this  being  a  tnejtiber  of  tlio  ni-wer  series  (which  microscopically 
it  resembles  more  than  the  older)  locally  nipped  by  the  latter.  So  that  I  do  not 
think  this  one  very  dubioua  case  sufficient  to  Hliake  the  body  of  evidence  in 
favour  of  the  non-intrusivo  <-linrnct»'r  of  the  "syenite." 

I  The  "  syenite ''  is  evidently  much  shattered,  and  is  cut  by  numerous  veins  with 
quartz,  felspar,  epidote,  Ao. 

I  It  is  obvious  that  this  structure  (very  vi;il>li'  in  (hroo  «;poririn  ti.-:.  select lkI 
from  near  the  line  of  Junction^  presents  to  upholders  of  an  igneous  origin  for 
the  "  f^ite"  the  following  dilemma : — If  it  is  not  the  nsnlfe  of  omihing,  but 
an  original  stnicturr,  cadif  quasfio  ;  if  it  ia,  then  it  is  a  most  SSOeptimial Stnu>> 
ture  to  be  found  near  an  igneous  junction. 
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eoDsideratiou  of  tho  queetiou,  I  have  uo  hesitation  iu  asserting  that 
afi  tiie  lo-ealled  lymite  (ezoept  some  iatnuhe  dykes)  is  simply  a 
rather  granitoid  variety  of  the  Hebridean  gneiss,  and  that  its  jnnc- 

tinn  with  tho  c.ilcareous  series  is  a  faulted  one.  Tho  fault  descends 
tho  ri^ht  bank  of  tho  valLn-,  striking?  about  E.S.E.,  chanijos  its  direc- 
tion before  reaching  the  rivor  to  ii  little  K.of  S.,  and  wliih^  crossing  it 
appears  to  change  again,  and  emerge,  striking  about  mid  way  between 
S.W.  and  S.S.W.  (hg.  1).   Here  also  the  Hebridean  gneiss  can  be 


Eig.  1. — Skttch  map  of  part  of  Qlm  Laggan. 
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foUofWed  along  the  hiU-sido,  and  traced  to  within  a  short  distance  of 
the  newer  series :  but  T  could  not,  though  I  searched  carefully,  find  an 
actual  junction.  On  this  side  also  I  olisorvcd  a  rase  of  very  distinct 
foliation  in  tho  "  syenite/'  dipping  at  about  -io^  to  IS.  \V.  Below 
this  spot  tho  ordinal^  Hebridean  gneiss  can  be  txaoed  by  the  ii?«r- 
ride  at  intemls,  obnously  fbrming  part  of  the  same  series,  to  a  sheep- 
fold  at  the  mouth  of  tho  glen.  It  is  overlain  by  Torridon  Sandstone, 
which  occupies,  I  believe,  all  tho  undulating  shonlder  between  the 
streams  fnun  Qlen  Laggaa  and  Ul«n  Dooherty,  except  that  in  two 
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places  the  "  quartzite  "  series  crosses  for  a  short  q«ce  over  to  this 
left  bank  of     former  Tslley. 

We  have  thus  a  very  irrq^ar  slip  of  Hebridean  gneifliy  capped  in 
part  by  some  Torridon  Sandatono,  bounded  by  two  or  more  faults* 

which  hriii!^'  down  the  quartzite  and  calcareous  series  on  the  OHO  hand 
and  the  newer  };neiss  series  on  the  other  (fijxs.  2  &  3)*. 

In  the  sectiou  given  by  Sir  R.  Alurchiijou  (U.  J.  G.  S.  vol.  xvii, 
p.  191)  a  small  patch  of  " syenite"  is  also  marked  as  oooarring  on 
the  light  bank  of  Loch  ICaiee,  near  its  head.  Of  the  gneissoee 
character  of  this  I  have  not  any  doubt ;  but  I  also  found  there  a 
rock  wliicli,  both  macroscopicjilly  and  microscopically,  appears  to  bo 
a  true  diorito.  I  saw  no  sifjns  of  intrusion,  and  think  the  prcsouco 
of  this  patch  of  the  older  rock  may  be  explained  by  faulting,  though 
I  am  not  prepared  at  present  to  say  in  what  manner  that  ii  to  be 
connected  with  the  other  faults. 

Fig,  2,-^SiCtion  in  QUn  Laggan  along  th$  Una  A  in  fig,  1* 


FmU. 


FmIL 


Fig.  8, — <S(W<u>ii  m  C^m  Laggan  aUmg  A$  Une  B  in  fig.  1. 


(2)  EeMdian  Gneiss,  together  with  the  eo-ealled  Symke. 
The  macroscopic  characters  of  this  rock  in  the  present  district 
have  been  ahready  described  by  previons  observers,  so  it  wiU  suffice 
to  make  a  few  remarks  on  the  microscopic  structure  of  the  specimens 

winch  I  coll.  r  ted.  These  were  obtained  from  the  above-named 
localities  in  (ih  n  J.aggun,  at  intervals  on  the  right  bank  of  Loch 

♦  I  had  with  me  a  copy  of  Dr.  XlicksV  portion  fv..!  xxdv.  d  814V.  hot  flmlji«i» 
fcltod  to  reooedls  it  wit*h  what  I  saw  on  liic    ouud.  ^* 
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Maree,  as  far  as  Ben  Slioch,  and  a  little  to  the  north  of  the  Loch- 
Maree  hotel*.  They  vary  considerably,  some,  as  in  the  Laggan 
valley,  being  mainly  quartz  and  felspar,  with  a  little  of  a  green 
micaceous  mineral,  others  ordinary  mica-  or  hornblende-gneiss, 
others,  again,  rather  homblendic  or  chloritic  schists.  All,  how- 
ever, exhibit  conspicuously  that  massive  structure  which  early 
observers  rightly  fixed  upon  as  characteristic,  and,  as  a  rule, 
arc  fairly  uniform  for  a  considerable  vertical  thickness.  The 
microscope  shows  that  (juartz  and  felspar  are  ahvays  present,  exhi- 
biting the  rather  irroffular  granular  form  characteristic  of  gneissic  as 
opposed  to  granitic  rocks  (tig.  4).  The  quartz  is  generally  fairly  clear,  $ 

Fig.  4. — Ilebridean  Gneiss  from  near  hose  of  Ben  Slioch, 


enclosures  or  cavities  being  \cry  minute,  though  in  one  or  two  cases 
there  is  a  considerable  amount  of  dusty  opacite.  The  felspar,  usually 
more  or  less  decomposed,  varies  in  quantity,  rather  predominating  in 
the  specimens  from  near  the  junction  in  Glen  Laggan.  These  appear 
to  contain  microcline  ;  it  is,  perhajxs,  present  in  the  others  with  con- 
siderable quantities  of  plagioclase  (probably  oligoclase),  as  well  as 
orthoclase.  Epidote  microliths  and  other  decomposition  prodxicts  are 
present  largely  in  some  specimens.  One  of  those  from  Glen  Laggan 
consists  almost  wholly  of  quartz  and  felspar,  with  a  minute  (|uantity  of 
a  pale  homblendic  (?)  mineral,  and  a  little  opacite  and  magnetite, 
being  almost  exactly  like  specimens  from  North  Wales  and  Shropshire, 
for  which  I  have  proposed  the  name  granitoidite.  Another  (more 
gneissic)  contains  a  chloritic  mineral  and  a  little  pale-coloured  mica. 
A  third,  macroscopically  much  greener  than  the  others,  appears  to 
owe  its  colour  chiefly  to  quantities  of  very  minute  epidote. 

Mica  is  conspicuously  present  in  two  specimens  cxillected  by  the  road- 
side north  of  Loch-Maree  hotel,  in  one  from  the  floor  of  Glen  Laggan, 
some  distance  up  stream  above  the  gorge,  and  in  one  collected  by 
the  shore  of  Loch  Maree,  at  the  south  end  of  the  base  of  Ben  .Slioch. 

*  The  third  group  and  most  of  the  oecoud  are  universally  admitted  to  be 
the  Hebridean  goeise. 

a  J.  G.  S.  ^o.  141.  H 
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In  fhe  fint  thiee  cases  the  mmeral  Is  a  green  mioa,  probably  an 
altered  biotite ;  in  the  last.,  with  a  little  of  the  same,  we  have  chiefly 
a  silvery-white  miea,  showing  brilliant  tints  with  polarised  ligh^ 

proba])ly  margarodite  or  paragnnite.  Honi blende  (green "w-ithyeiy 
charactcristio  cleavage  and  strong  didiroisra  is  plentiful  in  the  epe- 
cimeus  from  near  the  Loch-Maree  hotel,  iu  a  hornblende  schist  from 
near  the  aboTe- named  locality,  under  Ben  Slioch,  and  in  a  dark  com- 
pact schist  in  the  bed  of  a  biurn  to  south  of  latter.  There  is  also  a 
little  in  the  above  Glen-La^an  specimens,  and  more  dnbiously  in 
others.  Epidote  is  present  in  the  last,  and  in  numerous  well-formed 
crystals  in  the  tirst  two.  Few  specimens  are  quite  free  from  it. 
Ajtatito  is  distinctly  jiresent  in  the  tirst  three  of  the  ;il)ove  specimens, 
and  more  dubiously  La  others.  Oue  of  them  mile  from  Loch- 
Haree  liotel)  oontains  nnmerooa  crystaUine  grains  of  a  yellow-brown 
mineral,  which  I  have  Uttle  doubt  is  sphene ;  and  the  same  mineral 
is  present  in  other  specimens.  Opadte  and  grains  of  iron  peroxide, 
probably  magnetite,  occur  in  most  in  greater  or  less  degree. 

^Microscopically,  then,  as  well  as  macroscopically,  this  group  of 
rocks  has  well-marktd  characteristics,  which  we  also  find,  as  we 
might  expect,  in  the  gneiss  of  the  Ticinity  of  Stomoway  *.  There  is 
also  a  certain  fiunily  likeness  to  the  old  gneisrie  rocks  of  Anglesey, 
Caernarvonshire,  theWrekin,  and  the  Malvern  Hills ;  and  a  resem- 
blance may  even  be  noted  to  specimens  from  West  Greenland  and 
the  Lofoten  Islands,  not  to  mention  yet  more  distant  localities. 

(3)  Twridttn  Sanditone, 

In  the  ease  of  this  rock  alsd  we  may  refer  to  the  eaiefol  deserip- 
tions  of  earlier  observers.  I  examined  it  on  both  sides  of  Loch  Maree, 
over  tiie  distric  t  mentioned  above,  and  at  Loch  Torridon.  Striking 

instances  of  the  breccia  of  gneissic  rock  at  its  l^ase  can  be  seen  by  the 
roadside  north  of  Loch-Marcc  hotel,  and  on  approaching  the  base  of 
Ben  iSHoch  ou  the  opposite  shore.  Commonly  the  sandstone  is  fairly 
nnifonn  in  character,  a  hard  grit  composed  of  rolled  grains  of  quarte 
and  red  felq»ar,  from  ^"  to  jY  in  diameter,  with  a  HtHe  of  a  groen 
mineral,  being  at  first  sight  wonderfuUy  like  a  fine-grained  granite ; 
but  now  and  then  it  becomes  coarse  and  pebbly — a  yery  pretty  variety, 
with  the  rolled  fragmeiit>s  as  big  as  large  peas,  occurring  in  blocks  by 
the  road  to  Gairloch,  eight  miles  from  Kinlochowe.  Specimens  for 
microscopic  examination  were  selected  from  the  last-named  rock,  from 
a  spot  on  the  same  road  nine  miles  from  Kinlochewe,  firam  the  lower 
part  of  the  series  (at  two  levels)  on  the  ri^t  bank,  near  to  the  base 
of  Ben  Sliocb,  and  lastly  from  the  shore  near  Torridon.  With  minor 
differences  in  detail,  their  general  character  is  the  same.  They  con- 
sist of  fragments  (usually  well  rolled)  of  quartz,  felspar,  and  an 
altered  quartzose  rock,  in  a  fine  granular  matrix,  in  which  some 
secondary  products  have  been  formed.  The  quarts  is  generally  rather 
ffofi  of  minute  dnsty-looking  mioroliths.  The  feLspar  is  oftcni  infil- 
trated with  f  eirite,  which  in  some  cases  brings  out  dearly  the  oleavage- 

*  Ths  only  other  locality  when  I  have  had  opportunity  of  studyhig  it  in  the 
field. 
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planes.  Orthoclasc,  microcline  (often  fairly  abundant),  and  plagio- 
dase  (?  oligoclase)  can  be  recogniied*  Ghaiactoziitio  OTitalB  of  the 
last  axe  not  very  oommon.  ThB  quartsose  fragmentB  aie  lometimes 
either  a  bigbly  idtered  qnartalte  or  bits  ttom  atrotnln  of  this  nature  in 

a  pnieiss  ;  certain  of  them  (especially  in  the  specimens  from  Torridon) 
havt'  a  schistoso  stnicturo*.  There  are  also  a  lew  fragments  resem- 
bling a  rather  decomposed  fine-gruiiied  slaty  rock.  I  am  not  able 
to  detect  any  indnbitably  f ragmen tal  mica  or  hornblende,  and  must 
be  ooDtent  to  call  -the  green  mineral  which  is  sparingly  present  in 
the  matrix,  and  almost  certainly  a  seoondary  jffodnot,  by  the  Tagne 
term  viridite.  This  matrix  resembles  a  very  fine  sandy  mud,  gene- 
rally much  stained  with  ferrite  and  rather  altered.  Tlie  chanire  is 
most  conspicuous  in  the  second  of  the  al>ove  specimens,  which  was 
selected  because  it  had  a  more  marked  appearance  of  alteration  than 
was  nenaL 

(4)  Ths  QuarizU^. 

I  again  refer  to  the  works  of  earlier  observers  for  the  macroscopic 
characters  of  this  rock.  Aa  itSTamiions  in  this  district  appear  un- 
important, I  have  only  examined  two  speeimens,  one  from  tiie  right 

bank  of  Loch  Maree,  a  typical  example  of  the  pure  white  variety  so 
abundant  on  both  sides  of  the  head  of  tliat  lake,  the  other  a  sli^'htly 
yellower  and  more  j^anular  quartzite  from  the  Gairhx^h  road,  about 
three  miles  from  Kinlochewe.  The  first  is  comiwsed  cliiefly  of  quartz 
grains,  rather  irregular  in  size  and  form,  containing  a  fair  amount  of 
mieroeoopie  "  dnst/'  and  with  a  minute  quantity  of  ferrite  now  and 
then  interapened.  The  edges  of  the  quartz  grains  are  commonly 
"fused"  tc^etiier,  as  is  usual  in  highly  altered  quartzites,  the  one 
being  irreprularly  indented  into  the  other,  as  if  the  two  had  been 
pressed  together  wlien  in  a  slightly  viscous  condition.  A  few  small 
fragments  of  felspar  can  bo  recognized,  resembling  that  in  the  last 
series.  Cracks  traverse  the  slide,  filled  apparently  with  minute  frag- 
menta  of  the  rock  itadf  ,  cemented  by  aecondary  quartz,  perhaps  in£- 
cating  local  (Crushing  of  the  mass.  In  the  other  specimen  the  only 
difference  worthy  of  note  is  that  the  grains  are  a  little  larger  in  size  and 
more  irregular  in  shape  ;  that  no  felspar  can  be  recognized,  though 
an  earthy  dark-stained  mineral,  generally  torn  away  in  grinding,  pro- 
bably indicates  that  it  has  been  present ;  and  there  are  little  scattered 
dots  cf  fearrite,  and  a  few  specks  of  a  pale  homblendio  mineralf.  A 
alicefhm  the  **hicoidal''quart&te  has  also  been  examined.  Except 
that  there  is  more  fine  ailty  matter  among  the  quarts  grains,  theve 

*  I  have  examined  microsoopically  a  fragment  fnnn  a  block  (perhaps  2  caUe 
feet)  i  n  a  nanarkaUe  breoeia  north  of  the  Loidi-liaree  boteL  It  cooabte  naiiily 

of  quartz,  in  rather  minute  grains,  with  oocisioiinll  v  lafiU'er  grjiins  (of  very  irre- 
gular outline)  of  tVIi^par,  with  wavy  microUths  interbandedi  acalei  of  iron  glnnoe, 
a  fair  quantity  of  epidote,  and  a  little  white  mica.  It  is  therefore  a  highly 
■tterad  8chi«ty  falspa^o  quartzite. 

t  I  did  not  examine  into  the  disputed  que§tion  of  the  conformity  or  unoon* 
fonnity  of  the  quartzites  and  Tomdon  Sandstouu  ;  the  general  appearance  of 
the  two  sucgei^itd  tlie  latter,  as  maintained  bj  Sir  B.  Murohison ;  but  my  friend 
Ux,  Lb  SwMmk,  fallow  of  Glare  CoUegSk  teUa  me  thai  near  Dundonnal  (Little 
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18  no&ing  special  to  note.  Some  atleaitof  the  foooidal''  mAikings 
are  prol>ablj  Annelid-tabee ;  one  has  been  oat  through  in  this  alioe, 

bat  nothing  special  is  shown. 

My  work,  I  may  bo  allowed  to  mention,  fully  confirms  the  opinion 
that  the  quartzitos  of  the  IJunter  pel)blo-bed8  of  the  Midland  Counties 
have  been  derived  originally  from  these  quartzites  of  North-west 
Scotland.  I  have  been  familiar  with  the  Bimter  pebbles  of  Stafibrd- 
ahiie  all  my  life  (being  a  native  of  that  oonnty),  and  conld  not  sepa- 
rate some  of  them  from  certain  of  the  varieties  which  1  saw  in  the 
neighbourhood  of  Loch  Maree.  Further,  I  have  recently  examined 
two  of  these  pebbles  microscopically,  and  find  also  in  them  occaf?ional 
indications  of  wavy-banded  and  cross-hatched  felspars.  1  have 
also  identified  them  in  conglomerates  of  Old  lied  Sandstone  and 
Lower  Gsrhoniferous  age  in  the  more  southem  parts  of  Sootlandi 
notably  in  the  sandstones  near  Brodick,  Arran. 

(5)  The  Calcareous  SerUs, 

Dr.  Hicks*  lays  some  str(^-<  upon  the  separation  of  the  strata  in 
the  bed  of  the  stream  by  tlic  gorge  of  Glen  Laggan  ("  blue  flags, 
Kandstunes,"  &c.)  from  those  seen  higher  up  on  the  right  hank 
C  limestones,  calcareous  sandstones,"  &c.).  It  seems  to  me,  however, 
that  it  is  simpler  to  regard  them  as  one  series,  oontinnons  with  the 
qnartsitee  below,  but  much  more  variable  in  mineral  character,  and 
so  in  the  amount  of  change  which  has  been  produced  in  them.  To 
my  eye  they  oxliibited  no  signs  of  increased  alteration  in  the  neigh- 
bourhood of  the  "  syenite."  I  have  examined  only  one  8i)ecimen 
microscopically,  from  the  immediate  neighbourhood  of  the  latter 
rock.  It  is  a  rather  muddy-looking  crystalline  limestone,  to  some 
extent  dolomidc,  as  I  suspect,  greatly  crushed  and  recemented,  in 
part  by  infiltrated  quartz.  No  traces  of  organic  structure  can  be 
found ;  and  from  the  aspect  of  the  slide  I  doubt  whether  such  are 
likely  to  have  escaped  obliteration,  if  ever  they  wore  present. 

(0)  The  ytin^r  Cneiss. 

This  series,  as  wo  have  said,  is  brought  into  close  juxtaposition 
with  the  older  gneiss  in  (Jlcn  Laggan.  Here  it  fonns  a  well-marked 
escarpment,  which,  directly  below  the  gorge,  trends  towards  the S.W., 
and  passes  on  behind  the  shoulder  occupied  by  Torridon  Sandstone  to 
the  mouth  of  Glen  Docherty,  forming  a  continuous  cliff,  which,  on  the 
right  bank  of  that  valley,  is  of  considerable  elevation.  A  fault  passes 
down  the  bed  of  Glen  Docherty,  shifting  this  newer  series  and  its 
escarpment  to  the  northward,  so  that  it  is  exposed  on  the  left  bank 
of  the  river,  near  Kinlochewe  Lodge,  and,  further,  by  the  side  of  the 


Lodi  Broom)  he  traced  a  mdua!  panage  from  the  one  to  the  other.   A  faUen 

block  whiHi  I  fuund  near  the  eommenceraent  of  the  qiiartzitc.  on  the  riplit  Imnk 
of  Loch  Maree,  certainly  appeared,  macroecopically  and  mioroficopioailj,  int«r- 
mediate  between  the  tiro ;  the  break,  tfaeveiore,  is  probably  rather  local  thui 

gtnicral. 

*  Q.  J.  G.  S.  ToL  aoxiT.  p.  813. 
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Garrie,  witliin  a  very  short  distance  of  the  hotel*.    The  views  as  to 
the  relatiouB  ol  this  series  to  the  other  rocks  are  concisely  stated  by 
Br.  Hidnt,  in  speaking  of  ilie  Glen-Laggan  seotioii,  as  fikllowB : — 
^  Prof.  Niool  places  a  fault  at  tbis  point,  and  says  that  iSttd  funda- 
mental gneiss  is  here  brought  up  to  give  it  an  appearance  of  over- 
hang conformably  the  unaltered  series.     I,  however,  hold,  with  Sir 
R.  Mnrchison  nnd  ^Ir.  (Jeikie,  that  the  next  is  a  younger  series, 
and  that  it  overlies  the  unaltered  beds ;  but  I  entirely  demur  to  the 
view  held  by  them  that  the  rocks  which  compose  this  group,  as  exhi- 
bits hero,  abonld  be  called  gneiss  rociks,  or  associated  in  any  way 
with  those  which  have  undergone  themcAamorphic  change  so  diarac- 
teristic  of  the  pre-Cambrian  rocks  as  known  in  this  countrj-,  and  which 
could  only  bo  induced,  I  believe,  by  influences  to  which  it  is  evident 
these  rocks,  as  shown  by  tht-ir  position  and  undisturbed  stiito,  could 
not  have  been  subjected,  aud  which  would  occur  mainly  during 
periods  of  great  depression  combined  with  beat,  moistore,  and  pies- 
sore.   On  examination  I  found  these  upper  beds  evorywhere  unal- 
tered, eocoept  near  dykes,  and  the  change  there  induced  in  them  was 
that  now  well  known  as  partial  or  contact-alteration,  and  which 
is  80  entirely  distinct  from  true  or  general  mctamorphism.  These 
beds  all  dip  to  the  8.E.  at  a  low  angle,  and  attain  a  thickness  of 
several  thousand  feet.  They  are  flag-like  in  character,  and  are  made 
up  chiefly  of  fragmentary  materials,  but  aro  oooasionally  slightly  cal- 
careous.   They  are  mucb  like  some  of  the  Lower  Silorian  flags  in 
Wales,  and  ore  in  no  degree  more  highly  altered  than  many  of  those 
rocks  in  the  more  disturbed  districts."    He  goes  on  to  stato  that,  in 
his  opinion,  the  lower  rocks  exposed  by  lateral  streams  on  the  north 
side  of  Glen  Docherty  are  very  unlike  those  along  the  hill-side  at  the 
higher  levels.   "  Tbey  were  eridratly  mneh  mora  allied  to  the  gneiss 
of  the  west  side  of  Lodh  Maree ;  and  the  strike  proves  to  be,  as  in 
the  latter,  from  N.W.  to  S JE.,  and  hence  in  an  entirely  <^positc  di- 
rection to  that  in  the  higher  }>eds  These  gneiss  rocks  keep 

at  a  low  horizon  for  about  lour  miles,  or  until  wo  reach  tho  top  of 
the  Glyn.  At  this  place  they  assume  a  reddish  granitoid  apparanc^, 
and  ascend  considerably  higher  into  the  hill.  For  the  next  few  miles 
they  are  traced  with  more  difficulty,  and  probably  faulted,  but  rise 
up  again  into  the  mountains  as  we  approach  Auchnasheen.  The 
upper  or  overlying  beds  aro  entirely  lost  at  tho  ravine  which  sepa- 
rates these  hiUa  from  Ben  f  yn  and  the  range  of  mountains  behind 
Auchnasheen,'* 

One  dithculty,  inherent  in  this  view,  cannot,  I  think,  fail  to  strike 
the  observer  as  soon  as  be  bas  become  familiar  with  the  district.  It 
is  the  disappeanmce  in  so  short  a  space  of  the  entire  thiokness  of  the 
Torridon  Sandstone  and  the  qnartzites,  not  to  mention  tho  overlying 
cakareouB  series.  These,  at  the  southem  end  of  Locb  Haree,  can 

*  Here  the  dip  if  8^  to  8.S.B. ;  about }  of  s  mile  higher  up  the  t/trttm  26® 
to  8.  The  Gl«  n-LaggMi  fiuilt  is  prolongwl  up  Oliii  Garrio,  tM  ouartzite  still 
plunging  towards  it,  but  its  throw  is  diminished.  It  is  remanaUs  in  thit 
district  how  eloeehr  the  ftreams  follow  the  fcults. 

t     J.  0. 8.  ToLsizir.  p.  814. 
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hardly  be  loss  than  3i)n0  feet  in  thickness.  The  rock  is  sufficiently 
exposed  lu  the  cliifs  on  tho  right  bank  of  Glen  Docherty  to  enable 
OB  to  see  if  they  oomprise  any  repreaentaitiTe  of  these  sltroD^y  marked 
and  peculiar  beds.  ICnoh  there  ooiild  not  be ;  for  there  is  not  room 
for  any  great  thickness  between  the  admitted  upfier  and  the  asserted 
lower  aeries.  Not  a  trace  is  visible.  Three  thousand  feet  in  three 
miles!  surely  tliis  is  an  unconformity  which  we  oonldonly  aooept  on 
the  clearevst  and  stronj^st  evidence. 

This  evidence  is,  I  fear,  wanting.  First,  I  oannot  admit  the  ao- 
eilracy  of  Dr.  Hicks'a  statement  abont  the  unaltered  condition  of  the 
beds  of  the  newer  series  in  Olen  Laggan.  I  examined  them  on  the 
ground  with  great  care,  and  came  to  the  oondnsion  that  though  their 
tiaLTiry  character  is  very  marked,  they  are  rightiy  cla«'sed  with  the 
metamorphic  rocks,  consisting,  among  others,  of  dark  green,  rather 
compact  schists,  soft  dull-coloured  mica-schists,  and  micaceous  t^uart- 
ntos.  In  tiie  diff  between  Olen  Docherty  and  Gkn  Oaanrie  tiie 
^'metamorphic'*  character  of  the  rocks  is  more  consplciioas ;  and  I 
oannot  conceive  it  possil)le  to  call  the  beds  e^fwsed  by  the  two  streams, 
at  the  entrance  of  Kinlocliewe  liamlet,  any  thing  else  than  schists  ; 
yt't  that  they  arc  ]»;ii  t  of  the  same  series  it  is  impossible  to  doubt. 
Typical  specimens  were  selected  for  microscopic  examination — two 
ficom  the  face  of  the  cliff  in  Glen  Laggan  (a,  6),  two  from  the  above- 
named  diif  between  Glen  Docherty  and  Glen  Gtarrie  (e,  d),  and  one 
from  the  left  bank  of  the  river,  just  to  the  east  of  Einlochewe  (e). 

Of  the  Glen -Laggan  specimens,  (a)  was  chosen  from  a  compact  dark 
green  rock.  (A)  from  a  brownish-grey  compact  qnartzoso  rock,  with 
some  minute  sj)aiigles  of  silvery  mica.  Botli  rocks  are  very  llagg}'," 
the  former,  on  close  inspection,  showing  a  distinct  though  minute  foli- 
ation parallel  to  bedding  (fig.  5) ;  the  latter  is  less  distinctly  fbUated, 

Fig.  6. — MieaeeouB  SAist  of  As  Newer  Smst^  Qlen  Laggtm, 


but  obrionsly  altered.  The  microscope  shows  them  to  consist  chiefly 
of  quartz  and  a  micaceous  mineral,  with  a  fair  amount  of  felspar, 
flome  ^idoto,  &c*  Minute  grains  of  quarts,  as  it  were  agglutinated 
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together,  compose  the  greater  part  of  the  slide,  with  the  micaceous 
mineral,  both  disseminated  and  in  wavy  bands,  parallel  with  the 
staratifioatioii.  In  tlus  gioand-mass  are  aoattored  larger  subangnlar 
grains,  lying  generally  lengtiliwise,  with  the  mica  scales  bonding 
round  them,  so  that  they  form,  as  it  were,  "  eyes  "  to  the  slide.  Most 
of  them  are  felspar,  many  are  plagioelase*,  one  or  two  probably  mi- 
crocline.  The  micaceous  constituent  is  rather  fibrous,  moderately 
dichroic,  showing  bright  colours  with  the  two  Nicols,  and  is  uniaxial 
or  orthoriiombio— probably  a  hydrous  magnesia-miea ;  bat  tliefe  may 
be  more  than  one  mineral  present — many  small  grains  of  epidote^  a 
£Gdr  number  of  iron  ozido,  probaUy  hflsmatite,  and  a  little  calcite  in 
(a).  These  rocks  appear  to  me  beyond  question  mctamorphic  in  the 
full  sense  of  the  term,  though  very  distinct  from,  and  not  so  ex- 
tremely altered  as,  the  Hebrideau  series ;  for  the  (juai  tz  is  wholly 
unlike  that  in  any  sandstone,  however  indurated,  and  the  mica 
appears  to  have  crystallized  in  tiiu.  Specimens  (c,  d)  resemble 
TSspeotiTely  the  two  firom  Glon  Laggan,  but  are  a  little  more  mica- 
ceous :  the  microscope  shows  the  differences  to  be  merely  varietaL 
The  only  difference  noteworthy  in  tbo  specimen  (<?)  is  that  it  is  chiefly 
quartz  and  mica  ;  the  latter  is  in  larj^er  scales,  and  there  is  certainly 
another  minute  green  mineral  with  it,  showing  strong  dichroism, 
possibly  a  ohloritet. 

Prooeeding  np  Olen  Boeherty,  by  the  road  whioh  follows  tiio 
right  bank  of  the  stream,  we  pais,  after  the  spot  named  above,  the 
shoulder  of  Torridon  Sandstone,  and  then  a'^cend  the  glen  with  the 
newer  series  on  both  sides.  At  first  not  much  rock  i^i  seen  in  situ 
by  the  road  ;  what  there  is  appears  to  belong  to  this  series.  At 
nearly  2|  and  3  miles  from  Einlochewe  are  slopes  of  screes  deriyed 
evidently  from  the  diffii  hig^  aboTe  the  road,  which  indubitably  con- 
sist mainly  of  fine  quartzose  gneisses,  foliated,  as  before,  parallel  to 
the  flaggy  bedding.  Higher  up,  rock  is  frequently  exposed  by  the 
road,  but  it  is  all  of  a  similar  character.  The  most  liighly  altered  is 
a  lead-coloured  mica-schist,  which,  higher  np,  is  ex|»<)sed  in  a  little 
lateral  ravine.  This,  however,  is  totally  dilierent  from  any  member 
of  the  Hebridean  series,  splitting  with  oomparatiTe  iSuuitf,  and 
pnlTerizing  under  the  hammer.  Moreover,  it  is  overlain  oonformaUy 
by  a  flaggy  quartsE-schist,  just  like  those  already  described.  This,  or 
a  bed  nearly  at  same  level,  reappears  in  a  cutting  where  the  road 
enters  the  open  moorland  at  the  head  of  Glen  Dooherty,  rather  more 
than  3]  miles  from  Kiulochewe.  1  have  examined  botli  rocks  micro- 
scopically. The  former  differs  from  those  already  described  only  in 
having  more  mica  and  a  rather  more  marked  schistose  structure 
(flg.  6).  There  are  certainly  two  species  of  mica,  one  colourless,  the 
other  an  altered  biotite,  rather  more  alt^^red  (and  decomposed)  felspar, 
and  some  small,  imperfectly  formed  garnets.   The  overlying  rock  is  a 

*  TIm  Toaaltiof  the  optical  tests  vary  wo  muoh  that  I  cannot  attempt  to  naaw 

the  epocies ;  Bonic  agree  with  lubnuloritc,  some  rather  oligoclajie. 

t  1  haTO  a  suspicion  it  is  uniaxial.  The  aboTe  slides.  I  maj  mention,  have 
been  shown  to  Prof.  Renard  and  PToil  Morris^  both  of  whom  agna  with  bm 
as  to  the  trot  instaoiorphic  ohanMster  of  the  rooks. 
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kind  of  gneiss,  with  a  structure  generally  resembling  tlie  quartz- 
Bchista  described  below,  but  oontuning  a  little  more  felspar  (deoom- 
poaed).  llie  dilEBrenoe,  however,  is  timply  varietal. 

FSg«  Q,—Miipthschist  from  the  upper  part  of  OUn  IhthtHjf 
{Newer  Senet  of  Author), 


It  is  quite  true  that  the  mica-sehists  in  the  road  dip  (at  ahoat  80^ 
a  little  W.  by  S..  and  that  in  the  ravine  about  to  S.W.  The  dip  ox 
the  gndssic  rock  a  little  above  is  nearer  to  tiie  former ;  but  on  the 

opposite  side  of  tlio  j^'leii  the  rocks  ap|K>ar  to  preserve  the  nsiifil  south- 
easterly dip  :  and  these  (piartzose  bed-s  have  a  very  ahatterc<l  aspect; 
80  that  I  have  not  the  slightest  doubt  the  cliaiige  of  strike  is  merely 
local)  and  due  to  the  neighbouring  fault,  as  in  the  case  already 
described. 

lictween  this  point  and  Anchnasheen  little  rock  is  exposed  near  the 
road,  but  nothing  in  the  terrain  suggests  the  introduction  of  any 
group  other  than  that  from  wliich  (Jlcii  Doehcrty  is  excavated.  From 
Anchnasheen  I  ascended  Ikm  Fyn,  inouiiting  })y  the  right  hand  one  of 
two  streams  visible  from  the  inn,  and  returning  (in  part)  by  tho 
other.  A  small  quarry,  about  200  ft.  above  the  inn,  gives  a  good  seo- 
tum  of  a  gneiss  with  red  garnets.  The  rook  is  fla^y  in  structure, 
well  foliated  parallel  to  its  bedding,  dipping  towards  the£.  at  about 
30°  (rather  rolled ).  having  a  general  resemblance  to  the  newer  series 
to  the  iioi  th-wt'st .  but  morv  liighly  altered.  Under  the  microscope  the 
rock  is  soeu  to  consist  of  quartz,  clear  (with  exception  of  some  small 
microliths  and  very  minute  cavities),  orthoelase  felspar,  with  some 
plagiodase  in  good  preservation  (long  colourless  belonites  are  present 
in  some  of  the  crystals),  biotite  and  a  little  of  the  white  mica  already 
described,  and  opacite,  with  two  or  three  garnets.  The  rock  is  more 
highly  altered  than  tlie  rocks  already  described.  l)ut  still  ])resents 
some  stnietural  resemblance  to  them*.  Almve  this  for  some  lliUUtt. 
the  rocks  continue  to  be  llagg}-,  occasionully  most  conspicuously,  but 

*  Some  of  the  grains  show  a  uiinuto  "  graphic  "  or,  rather,  vermicular  structure. 
'  Vatore/  xiv.  pp.  8, 68. 
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always  gneissic,  sometimes  more,  sometimes  less  miracooiis,  this 
miueral  occasiouully  predominating.  At  7oO  ft.  is  a  quurtzose  gneiss, 
ytaej  like  thoie  notfeed  in  the  aeriee  in  Glen  Booherty,  and,  miero- 
■oopically,  nearly  related  to  the  qnarts  sohiatB  at  the  top  of  that  glen 
and  on  ^le  cliff  above  Kinlocbewe.  On  a  shoulder  at  1470  ft. 
micaceous  schist  (dip  about  45°  8.) ;  at  18^0  It.  f^'arnetiferous  gneiss 
(dip  nlmost  vertical,  apparently  to  a  little  S.  of  W. ).  At  lUUO  ft.  is  an 
intrusion  of  gametiferous  diorite ;  its  felspar  is  much  decomposed,  and 
the  hornblende  projects  from  the  weathered  surface  like  the  augite  in 
the  gablno  of  Skye.  The  gamete  are  sometimet  as  large  as  noall 
eherries.  There  appear  to  be  two  bosses  of  it,  of  irregular  form  and 
possibly  conneeted.  The  acy  oining  mioaoeooB  gneiss  is  looally  twisted 
•nd  disturbed. 

I  continued  the  ascent  to  tho  edge  of  the  corrio  on  the  eastern  face 
of  the  mountain,  and  lurucd  buck  (it  being  needless  for  my  purpose 
to  pzoeeed  farther)  at  a  height  of  about  2480  ft.  above  Anehnasheen. 
Oyer  the  npper  part  of  the  hill  the  dip  of  the  gneiss  is  generally  high. 
Though  lithologicaUy  similar  to  that  in  the  lower  port,  it  is  less 
distinctly  flaggy,  ana  the  coincidence  between  hcddinir  and  foliation 
is  less  conspicuous.  After  careful  search  1  failed  to  tind  any  born- 
blendic  rock  other  than  intrusive,  and  am  certain  that  nothing 
rebombling  the  Hebridean  series  of  Loeh  Haroe  could  occur  in  the 
omnparatiyely  short  spaee  between  the  spot  where  I  stopped  and  the 
sommit.  The  strike  of  the  rocks  cannot  be  pressed  too  far  as  evi- 
dence, for  it  is  very  variable.  My  notes  indude  various  points,  from 
nearly  due  N.  to  nearly  dueW.  While  travelling  by  a  slow  train  to 
Dingwall,  I  observ(d  that  the  rocks  as  far  as  i>trath]tell"er  were 
flaggy  gneisses,  generally  similar  to  those  above  described — a  coarser 
yariety,  with  large  scales  of  white  mica,  oeoorring  near  the  latter 
plaoe. 

(7)  /r/n«ms  UofJfcf. 

There  are  compact  greenstone  dykes,  as  already  said,  in  Glen 
La^^n,  cutting  the  Hebridean  series.  One  ot  them,  on  the  left 
bank,  a  little  below  the  gorge,  I  have  examined ;  but  it  ha^  been 
so  much  altered  that  it  is  difficult  to  give  a  good  acconnt  of  it.  The 
fblspar  (probably  plagioolastic)  has  been  largely  replaced  by  minute 
pseudomorphs.  There  is  some  dark-brown  mica  and  pale-green 
hornblende  (  probably  a  sccondarj-  producl  ),  and  what  look  like 
diallage  or  augite  crjstals,  replaced  by  ferrite,  opacite,  viridito,  and 
earthy-looking  matter.  Near  the  head  of  Loch  Muree  (right  bank)  1 
collected  a  massive  homblendic  rock,  which  appears  on  examination 
to  be  a  diorite,  though  the  structure  is  obscured  by  decomposition. 
There  are  two  varieties  of  hornblende  and  many  small  garnets.  The 
diorite  of  Ben  Fjm  consists  cliietly  of  hornblende  and  red  garnet; 
the  former  mineral  is  green  and  blrongly  diehndc,  rather  irregular  in 
outline,  with  characteristic  cleavage.  It  contains  many  rather  larL^o 
microliths,  in  some  of  which  may  be  seen  a  small  crystal  of  mug« 
netite  or  some  opaque  mineral.  Most  are  roundish  in  section,  one  or 
two  hexagonalf  doubtless  quarts.    The  garnet  contsins  numerous 
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mmnte  belomtes,  as  weU  as  enolommi  nmilar  to  tiie  last  in  leit 
Bumber,  and  microliUii  of  luiniUendo  (?).  There  an  oinatered  graina 

of  a  mineral  rather  resemblinf^  sphene,  which  also  occurs  in  separate 
cr}'stal8*.  There  is  also  quartz,  with  hornblende  (?)  microliths,  plagio- 
clase  felspar,  and  possibly  a  little  zircon.  The  slide,  of  necessity, 
has  been  cut  rather  thidc,  so  it  is  difficult  to  be  certain  of  aome  ol 
the  miorolitha.  Erom  the  ahoTe  deecription  it  will  i^pear  that  fho 
rock  might  be  named  a  homblende-eclogite. 

The  bearing  of  the  evidenoeof  this  district  upon  general  questiona 
of  metamorphism  is  highly  interesting  and  important.  Above  the 
comparatively  unaltered  Torridon  Sandstones  we  have,  as  all  allow, 
the  highly  altered  quartute.  Above  the  seemingly  unaltered  lime* 
■tone  aenea  we  bare  the  true  aohiata  of  the  upper  group,  which  also 
become  moie  highly  metamoiphoaed  aa  they  are  tnioad  towards  the 
aoat]i«eaat.  The  possibility  of  the  latter  change  will  probably  be  more 
feadUj  admitted,  as  it  might  bo  explained  by  deeper  entombment 
under  superincumbent  strata,  or  nearer  approach  to  regions  of  ele- 
vated temperature,  of  whii  li  indications  are  given  by  the  great 
granitic  masses  of  the  Central  Highlands.  But  how  are  we  to  explain 
thii  alternation  of  metamorphism  in  a  Tertioal  dirootion?  It  ahowa» 
I  think,  how  important  the  mineral  constituGnta  of  the  bed  and  their 
mode  of  association  are  as  factors  in  the  general  result.  In  the 
Torridon  Sandstone  well-rolled  grains  of  moderate  size  occur  in  a 
matrix,  scanty  indeed,  but  commonly  just  enough  to  separate  them. 
In  the  quartzite  clear  and  perhaps  rather  less-rounded  quartz  grains 
aie  in  apposition.  The  latter  have  become  agglutinated ;  and  the 
aame  result  may  be  aeon  to  have  happened  in  the  former,  where 
two  clean"  graina  are  in  contact ;  but  the  interposition  of  a  little 
"  dirt."  iia  we  may  sometimes  see  in  the  quartzite,  is  an  obstacle  to 
union  t.  Felspar  grains  seem  to  unite  less  readily.  The  amount 
of  mineral  change  in  the  matrix  seems  to  depend  on  both  its  consti- 
tution, if  homogeneous,  and  mode  of  association,  if  not.  If,  for  ex- 
ample, it  containa  the  constitaenta  of  Tiridite  or  epidote  in  a  right 
state  of  division,  these  minerals  are  readily  fbimed  ;  if  not,  change 
is  slow. 

The  muddy  beds  overlj-ing  the  quartzite  appear  to  have  resist^^ 
change,  other  than  the  formation  ot  crystallized  calcite  (and  perhaps 
dolomite).  The  series  above  these,  however,  has  been  of  a  more 
fiivonraUe  compoaition ;  and  in  it  we  see  bed  differing  from  bed  in 
the  amount  of  metamorphism.  But  into  these  interesting  questions 
I  must  abstain  from  entering.  I  trust  some  day,  when  I  have  added 
yet  more  to  the  l:\rgc  quantity  of  material  which  I  have  boon  for 
some  time  past  collecting,  to  invite  the  attention  of  the  Society  to 

*  Since  the  above  wm  written,  Prof.  Benard  has  seen  the  slide,  and'mM  of 
opinion  that  this  mineral  ifac  more  probably  staurolitc.  Some  of  it  cortainlv 
■uggeets  that  the  minornl  is  ortborhombic ;  but  unfortunately  no  crystal  that  1 
can  discover  in  the  slide  ^ves  quite  conclosiTe  evidence. 

t  Of  this  the  preservation  of  Annelid-tubes  in  the  quartzit<.>  is  a  marked  in- 
stance. These  oort  niiily  occur  ocosvonsUy,  80  that  we  need  not  here  refer  to 
the  so-called  fucoidai  markings. 
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this  most  interestiog  question  of  the  nature  of  mineral  change  in 
metamorphio  rocks,  and  the  traces  which  they  may  hxre  preserred 
ct  tiieir  original  iilruolure* 

•  From  the  abovo  obsorvations  it  reeulta  that  I  am  imable  to  reoog^ 
nize  any  marked  similarity  between  the  Hebridean  series  abont  the 
upper  part  of  Loch  Maree  and  the  beds  which  aro  seen  on  Ben  Fyn 
and  in  the  upjxT  part  of  (ilen  Docherty  ;  while  both  microscopio  and 
Btratigraphic  evidence,  as  1  read  them,  point  to  the  identity  of  the 
bftter  with  the  beds  espoaed  I&  the  northern  esearpment  of  the 
newer  aeriee.  In  Ihia  aenea  the  effect  o£  mefcaoiofphiam  Tanaa  in 
degree,  as  we  have  already  shown,  and  increases  in  amount  aa  we 
advance  towards  the  Central  Hitrhlaiids ;  but  the  peculiar  fla^^y 
character  of  the  strata  (lonpj  since  pointed  out  by  the  Into  Sir  II. 
Murchison )  is  retained ;  and  there  is  no  resemblance,  in  any  important 
point,  to  the  older  series.  It  appears,  then,  to  me  that,  so  far  as  the 
neighboarhood  of  Loeh  Maree  ia  oonoemed,  the  Tiewa  advooated  hj 
that  diatingoished  geologist  and  his  feUow-labonrer  Prof.  Geafcie  are 
folly  ccmflnned  by  mioroaoopio  endenoe* 


DuouiHioii* 

Dr.  HiCK=?  stated  that  he  had  studied  the  district  under  the  most 
favourable  conditions  of  weather,  and  had  moasured  the  section 
foot  by  foot.  The  rock  regarded  by  I'rof.  Bonuey  as  gneiss  was 
00  reg^urded  at  first  by  Maoonlloeh  and  Hay  Cunningham ;  bnt 
they  aaw  gronnd  for  changing  that  opinion,  and  believing  tliat  it 
was  intrusive,  in  which  they  were  confirmed  by  Ni(  ol,  Mnrohiaon, 
and  Gcikie.  It  also  cuts  across  the  beds  of  the  older  p^ieiss,  as 
shown  even  in  I'rof.  Bonncy's  diagram  and  map,  lie  maintained 
that  the  reading  of  the  section  in  Glen  Laggan  which  he  had 
already  given  is  the  true  one.  Ho  objected  to  the  diagrammatic 
natore  of  Prof.  B(mney'a  aeotiona.  He  insisted  on  the  exact  agree- 
ment between  the  roeka  of  Ben  Fyn  and  those  of  Galrloch,  and 
fheir  distinctness  from  the  micaceous  flagstonea  of  the  younger 
series.  He  pointed  out  that  the  sstrikes  of  the  several  rocks  do 
not  bear  out  Prof.  Bonnoy's  views.  The  X.W.  ptriko  of  the  lower 
rocks  in  Glen  Docherty  is  most  marked;  and  this,  with  the  high  dip 
and  difference  in  the  characters  of  the  rocks,  proved  conclusiyely  to 
hia  mind  that  the  micaceona  flags  of  the  upper  series,  with  a  N.E. 
strike  and  low  dip,  rest  here  on  a  floor  of  the  old  or  western  gneiss. 

Mr.  Hfdleston  had  examined  the  district  with  the  advantage 
of  Dr.  Hicks's  sections  and  descriptions.  He  came  to  a  conclusion 
opposed  to  that  of  Dr.  Hicks  and  agreeing  with  that  of  I'rof.  Bonni  y. 
He  was  entirely  opposed  to  Dr.  Hicks  s  views  concerning  the  section 
in  Glen  Docherty.  He  demnned  to  the  importance  which  I>r. 
Hicks  attached  to  the  differenoea  of  strike  among  the  gneisses.  He 
regarded  the  aectioa  at  Loch  Haree  aa  by  no  means  anitable  to  serve 
aa  ft  typcal  one. 


108 


PlIBOLOGI  OF  laX  TICIBIIT  OP  LOCH  MABKB. 


Ifr.  Btjt£bt  had  seen  strnctore  liko  that  in  the  metamorphio 
rock  desoribed  by  Prof.  Bonney  in  artifloially  altered  nndatonea. 
Mr.  Blakb  aigued  on  genenl  grounds  against  the  correetness  cl 

the  section  given  by  Dr.  Hicks. 

Prof.  Seklky  had  not  examined  the  country  with  a  view  to 
deciding  between  tlie  conttinding  views.  He  insisted  on  the  great 
yariability  of  the  rocks. 

Pkof.  BoHHBT  insisted  that  the  map  which  Dr.  Hioks  refied  upon 
was  very  inaccurate.  Prof.  Honis  qnite  agreed  'with  him  as  to 
tiie  evidence  derived  from  tl^  inicrosco])ic  sections.  He  insisted  on 
the  necessity  of  greater  accuracy  than  Dr.  Hicks  had  shown  in  fixing 
the  locality  of  his  specimens.  He  was  quite  content  to  await  the 
judgment  of  future  observers  as  to  the  accuracy  of  the  views  which 
he  was  maintaiuiog. 
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9,  On  an  appenrmdiy  Nbw  Mzubbal  emmtng  m  Boon  of 
IwvijHiTESBHiBm.  By  WiLUAK  JoLLT,  Esq.,  FJtj3JS.,  HJ(.  In- 
epector  of  Schools,  InTernesB,  and  J.  Kacdovau»  Caxbbon,  Esq., 
Fellow  Inst.  Chem.,  F.C.S.,  of  fheCShemioal  labontoriM,  Sontli 

Kensington  Mnsenm.   (Bead  June  11, 1879.) 

(Cominuuicttted     Prof.  J.  W.  Judd.  F.B.S.,  Sec  G.a) 

[AbitnMst.] 

I.  Its  GnOKOftlGAL  AITD  GBOeR&PHZOAL  DxBTBiBimoir. 

Thb  Moray  FirCh,  firom  BaBcansbay  Head  to  Bnokie,  is  enclosed 

by  the  Old  Red  Sandstone,  except  some  Jurassic  patches  near  Brora 
and  Cromarty,  and  others  near  Elgin.  In  this  area  it  is  touched  by 
no  Silurian  except  for  a  few  miles  between  Inverness  and  I^oauly. 
The  Old  lied  Con«;lomerate  and  other  beds  exist  west  of  Inverness 
in  a  triangular  patch  between  Dochgarroch  and  Buuchrow.  The 
SUnzian  to  the  west  of  thia  forms  an  oblong  semidetached  aiea 
snrronnded  by  Old  Bed,  except  for  a  How  miles  on  the  sontii. 
This  Sihirian  patch  has  a  general  slope  to  the  Moray  Firth  on  the 
north,  into  wliich  it  is  drained.  Its  main  stream  is  the  Moniack 
Lurn,  rising  three  miles  north  of  Drumnadrochit  in  (ilenurquhart, 
running  generally  along  its  centre  and  tailing  into  the  sea  west  of 
Lentran.  The  strata  form  a  syndine,  the  axis  striking  roughly 
N.  and  S.,  the  rocks  on  the  east  dipping  to  N.W.,  those  on  the  west 
dipping  generally  to  S.E.,  but  the  latter  much  disturbed.  They  con- 
sist chiefly  of  clay-slate,  micaceous  and  cliloritic  schist,  and  gneiss. 

A  limestone,  wijrked  at  several  ])oints,  runs  pandlelto  and  near  the 
axis,  of  varying  thickness,  sometimes  twelve  feet,  and  often  concre- 
tionary and  interbedded  with  other  rocks.  A  red  granite  also 
ooeors  in  the  Silurian  near  Abriaohan ;  it  is  of  oommercial  ralue, 
and  known  aa  Loch-Noas  granite. 

Within  this  Silurian  area  the  mineral  which  was  the  subject  of 
the  paper  occurs  at  five  points,  at  three  of  these  /»  sif>i^  and  has  as  yet 
been  found  nowhere  else.  It  is  of  a  blue  colour  of  various  shades, 
from  ultramarine  to  bluish  white,  often  striking  and  beautifid.  It 
occurs  generally  in  a  felspathio  matrix,  readily  disintegrates  under 
water  to  a  fine,  blue,  soapy,  unctuous  clay  (caused  probably  by  the 
magnesia  it  contains),  and  is  seldom  found  pure,  and  never  yet  in  a 
erystalline  form,  though  it  sometimes  presents  a  glistening  ciyatal- 
line  aspect.    Tlie  sites  where  it  has  been  found  are  these  : — 

(1)  Eiiijli,^ht<>n  Muor. — On  the  west  side  of  Bunchrew  Bum,  a 
little  above  Uie  Tublic  iSchool  of  Kirktou,  at  Xo.  23  croft,  near  an  out- 
crop of  limestone.  It  occurs  here  only  in  scattered  Uocks  evidently 
carried  from  tiie  west  at  Moniack  Bum,  where  it  is  mi  tUu,  It  is 
chiefly  found  in  thin  veins  and  plates  in  felspar.  It  was  here  that 
the  mineral  first  attracted  special  attention,  during  an  excursion  of 
the  Scientific  Society  and  Field  Club  of  Inverness,  on  September  1st, 


Digitized  by  Google 


110 


W.  JOLLT  AITD  J.  M.  CAHXBON  ON  A  SSW 


1877,  at  wbioh  both  the  antiion  were  preeent — ^Mr.  Jolly  haviiig 

previously  noted  it  in  a  prsUminary  examination  of  the  ground  along 
"with  Mr.  Cran,  of  Kirk  ton,  and  ^fr.  Cnmeron  having,  at  the  excor- 
eion  first  suspected  its  rarity  and  subsc(|uently  analyzed  it. 

(2)  ^foniack'  Bum. — This  passes  through  a  very  picturesque 
gorge  called  Beelig  Glen,  enclosed  by  high  cliffs,  finely  wooded,  and 
attraolive  to  the  geologist  and  botanist  The  atream  mna  here 
along  a  fmt^  near  the  synclinal  axis,  associated  with  a  lemazkaUe 
conglomerate  and  with  <:raniti(  ,  felspathic  veins.  A  great  £bII  of 
rock  took  place  last  winter  Irom  the  face  of  a  high  precipice  in  the 
glen  above  Iterliii:  House.  The  fallen  deViris  contained  much  of  the 
mineral,  associated  withorthoclastic  felspathic  rock,  interbedded  with 
blay-fllate,  and  mioa  and  ohloritio  sohist,  &c.,  not  <»ily  in  veins  but 
in  regular  stnta  some  feet  in  thi^eos. 

(3)  Ndor  South  CJuHfs  Furm.-^lt  is  also  found  m  silu  above  this 
gorge,  on  the  oast  liank  of  the  ntream,  at  a  Hmestone-quarri%  where 
it  occurs  in  great  purity  in  a  felspathic  rock  in  contact  and  bedded 
with  the  limestone.  It  seems  here  to  be  more  or  less  associated 
with  the  limestone,  which  croflses  the  river  &om  this  point  near  the 
fallen  eliff,  and  mna  to  Bebeg  farm,  where  also  it  is  worked. 

(4)  Near  Dot^four^  at  ihe  north  end  of  Loch  Ness. — It  occurs  here 
in  rock  in  situ,  on  a  new  road  to  the  Mansion  House,  about  150 
yards  north  of  a  new  bridge  over  Dochfour  Burn.  It  is  also  asso- 
ciated here  with  fels})ar  in  larfje  mas.ses,  brif?ht  blue  at  first  but 
gradually  losing  colour  by  exposure,  and  easily  disintegrating  under 
water. 

(5)  At  Loehmd,  at  ihe  mr^  md  of  Loch  Nm, — ^It  was  foimd 

here,  not  in  situ,  but  in  detached  blocks  in  the  burn  near  Lochend 
Hotel,  by  Dr.  Aitken  and  Mr.  "Wallace,  members  of  the  Invernesa 
Field  Club.  The  blocks  have  ])rohably  oome  down  the  bom^  but 
their  source  has  not  yet  been  discovered. 

II.  Its  Chkmical  Analysis. 

The  fragmentary  blocks  of  orthoclastic  felspar  intermingled  with 
quartz  and  granite  found  scattered  over  Englishton  Moor  contain 
the  bhie  mineral  in  very  thin  veins  or  lamina?.  The  first  portions 
submitted  to  analysis  were  from  that  locality,  as  it  was  here  atten- 
tion was  first  directed  to  it,  and,  at  the  time  the  first  analyses  were 
made,  this  was  the  only  place  where  it  had  been  noticed  in  any  great 
quantity. 

Ajb  it  is  unnecessary  to  dwell  on  the  methods  adopted  for  identi- 
fying and  quantitatively  estimating  the  several  substances  entering 
into  the  composition  of  this  interesting  mineral,  we  shall  simj)ly 
give  the  ioUowing  ligures,  which  are  the  mean  of  several  analyses 
of  specimens  from  different  localitiee,  and  oonstitate  the  data  from 
which  we  have  calculated  the  formula. 
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per  cent. 

SUica  65-02 

Ahimina   3-37 

jbVrric  oxide   19*03 

Ferrous  oxide   3-83 

Calcio  oxide    2*58 

Magneno  oadde   12*95 

Bodic  oxide   1'74 

Phosphoric  oxide    *33 

LoflB  on  ignition   1-45 


100-25 

Theee  data  point  to  Si,  R  R„  or  Si^  as  the  fommla  for 

the  mineral,  and  show  it  to  belongs  to  the  bisilicate  species,  the  oxygen- 
ratio  for  the  bases  and  silica  of  this  species  being  as  1 :  2,  and  the 
general  formula  R  Si^,  or  Si^  K,),  although,  so  far  as  we  are 
aware,  it  is  not  identical  with  any  known  member  of  this  series. 

The  general  formula  bi,  ( jS,  ^R,)  would  seem  to  point  to  its  re- 
lation to  Qgirite,  a  member  of  the  amphibole  group.  In  oolonr  and 
gSDiaral  appeannoa,  however,  it  more  reeemUea  erocidofite,  a  member 
of  the  amphibole  subgroup,  though  there  is  no  satisfactory  agreement 
between  the  analysis  of  tbie  last-mentioned  miAond  and  that  of  the 
fluhject  of  this  memoir. 

If  we  suppose  that  in  the  formula  Si,  (JR,  ^11,)  3R,  =  Mg3  +  Fe, 
and  that  R  represents  a  moleonle  of  the  sesquioxide  of  iron,  and  ^ 
keeping  in  view  that  the  monoxide  group,  lime,  magnesia,  soda,  and 
ferrous  oxide  are  mutually  replaceable,  the  above  figures  point  to 
6  SiO^  Fe,0„  FeO,  2  MgO  as  the  formnla  of  the  mineraL 

FtepertieB : — Soft  blue  amorphoos  snbetanoe,  sp.  gr.  2*01,  imastod 
upon  by  acids  except  when  in  contact  with  them  for  some  time. 
On  ignition  it  ehanges  to  a  light-brownish  powder.  Between  Uie 
poles  of  a  })attery  it  fuses  in  a  metallic  bead  slightly  magnetic. 

In  conclusion,  we  thank  Trofessor  Frankland  for  permitting  the 
analyses  to  be  performed  in  his  laboratory,  Professor  Judd  for  valu- 
able hints  reoenredy  and  Meeen.  linnell  and  Shilton  for  aasistanoe  in 
preparing  and  analyzing  some  of  the  speolmena. 

Discussion. 

Prof.  Masmlihe  expressed  a  hope  that  purer  specimens  would 
be  obtained,  and  praised  the  authors  for  the  discretion  and  caution 
they  had  eoMroised  in  not  giving  a  new  name  to  this  aubstanoe. 
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10.  On  the  Pbobablb  TKMPiRAXinat  of  PKmoBMAjb  OosAjr  ^ 
our  Qion.  By  BoBm  ICailet,  Esq.,  F.E.S.,  F.G.S.  (Bead 
November  5, 1879.) 

So  far  as  my  reading  has  extended,  I  am  not  aware  that  any  author 

on  physical  goolof)^'  or  terrestrial  physics  1ms  expressed  any  definite 
views  as  to  the  teiu|)eraturc  of  the  primordijil  ocean — that  is,  of  the 
large  body  of  water  which,  as  now  collected  together,  hlls  the 
existing  basin  of  the  seaii  and  great  oceans,  the  configuration  of 
vhidh,  like  that  of  the  sarronnding  oontments,  has,  peiha|>s,  not 
very  largely  changed  during  what  is  called  geological  time.  Some 
very  Yagoe  and  indefinite  notions  may,  indeed, be  found  in  the  writings 
of  the  early  and  loug-sincc  obsolete  cosmogonic  authors  to  the  effect 
that  the  j)riuionlial  ocean  was  probably  at  .some  indefinite  ju'riod, 
and  to  some  indefinite  extent,  warmer  than  the  sea  as  existing 
within  the  period  of  human  hktory ;  bnt  no  attempt  to  assign  ita 
temperature  at  any  epoch  anterior  to  our  own  has,  to  my  knowledge, 
yet  been  made.  Nevertbcb  ss  it  seems  to  me  that,  on  grounds  of 
Teiy  high  probability  dc(lucil)le  from  admittedly  physical  laws,  we 
can  approach  this  jiroolem  with  a  facility  aud  certainty  of  result 
greater  than  those  which  can  be  obtained  in  reference  to  many 
physical  questions  smaller  in  extent  aud  apparently  nearer  our 
reach. 

Aco(Nrduig  to  the  calculations  of  Mr.  Gardner,  the  extent  of  land 
is  about  37,673,000  square  British  miles,  leaving  out  of  consideration 
the  Victoria  continent,  and  that  of  the  sea  1 10,.^  1!»,(MM)  square  miles. 
That  this  cannot  l>e  regarded  as  furnishing  thi-  true  proportion  of 
land  aud  water  is  evident,  as  there  is  still,  according  to  Gardner,  an 
Arctio  unexplored  area  of  7,620,000  square  miles,  imd  the  Antarctic 
unexplored  surface  is  of  yastly  greater  extent. 

An  aocurate  knowledge  of  the  mean  depth  of  the  ocean  is  equally 
necessary  to  enable  us  to  calculate  the  actual  amount  of  water  it 
contains;  but  in  this  respect  our  information  is  still  more  im])erfect. 
^\  e  know  the  depths  revealed  by  certain  lines  of  sounding's,  aud 
probably  the  greatest  depths  of  some  oceanic  abysses,  but  nothing 
that  can  giye  us  even  an  approximate  estimate  of  the  cubic  volume 
even  of  the  oceanic  waters  of  our  globe ;  whilst  we  are  in  profound 
ignorance  of  the  amount  of  water  permanently  consolidated  into  ice 
and  present  as  fresh  water  in  lakes  and  rivers. 

Previously  published  calculations  of  the  total  volume  of  water 
existing  on  our  terraqueous  globe  have  been  recently  submitted  to 
revision  by  Br.  Srilmmel  ('  Nature/  Feb.  13,  1879),  from  whose 
data  I  am  enabled  to  make  the  following  deductions.  I  must  not 
omit  to  notice,  however,  that  there  is  no  greater  certainty  in 
Kriimmel's  final  results  than  in  those  previously  before  the  world,  de- 
pendent, as  they  are.  upon  the  number  which  he  assumes  for  the  mean 
depth  of  the  ocean,  viz.  1^77  fathoms — a  number  which,  however 
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mnMly  deduced  by  Dr.  KriimmeL  from  a  compariBon  of  xeoeat 
soundings,  is  still  perfectly  arbitrary  and  admita  of  no  verification. 

Taking  the  surface  of  our  globe  at  173,289,984  square  miles,  and  ' 
the  total  volume  of  water  upon  it,  as  given  by  Kriimmel,  at 
238,367,880  cubic  niiles,  this  volume  of  water,  if  spread  uniformly 
over  the  globe,  would  cover  it  to  a  depth  of  1-383  mile ;  aud  taking, 
sot  34  feel  in  deptii  as  equal  to  the  preasore  of  one  atmoeplieie,  bnt 
86  feet  (tluia  allowing  for  the  diminiahed  density  of  wat»  at  high 
temperatures),  the  preflsnre  due  to  1-383  mile  in  deptli  would,  at 
aea-level,  equal  a  barometric  pressure  (whether  of  water  or  vapour 
it  matters  not)  of  2U2-74  atmospheres.  We  therefore  sec  that  this 
pressure  bo  far  transcends  the  limits  of  experiment  that  we  cannot 
even  conjecture,  in  the  present  state  of  physical  knowledge,  the  tem- 
perature  of  sfceam  that  would  correspond  to  it,  or,  what  is  the  same 
thing,  we  know  nothing,  even  approximately,  of  the  bdling-point  of 
water  imder  such  a  preesore. 

It  is  matter  of  common  knowledge  that,  leaving  out  of  view  some 
minor  conditions,  such  as  whether  the  liquid  bo  free  from  dissolved 
air,  the  material  of  the  vessel,  capillarity,  &c.,  which  slightly  vary 
the  result,  water  boils  in  an  open  yeasel,  the  barometer  being  at  30 
Inehfls, at  212*" Fahr., or  100^ Centigrade;  or,  in  other  words,  it 
boils  at  that  temperature  under  a  gas^us  pressure  which,  in  round 
numbecs^  is  equid  to  that  of  a  column  of  vrater  of  about  34  feet  in 
height. 

It  is  also  mutter  of  common  knuwledp;o  that  this  boiling-point  of 
water,  or  of  any  other  liquid,  is  raised  more  aud  more  it'  the  liquid  be 
eontained  in  a  closed  vessel  (snoh  as  a  steam-engine  boiler),  so  that  the 
vapour  already  expelled  may  aecumnlato  and  its  tension  continually 
augment.  The  boiling^int  of  any  liquid  is  therefore  only  that 
temperature  at  which  vapour  is  freely  expelled  from  it  byebuUition 
a<;ainst  the  pressure,  wliethcr  elastic  or  hydrostatic,  of  surroinuiini; 
bodies.  {Situated  as  wo  are  upon  the  earth,  we  can  only  increase 
this  resistaiice  by  boiling  water  or  other  Uquid  in  a  closed  vessel ;  but 
oould  we  by  any  means  inerease  the  height  of  the  barometric  column 
which  messuies  the  pressure  of  our  atmosphere  and  of  such  water- 
vapour  as  floats  in  it,  no  closed  vessel  would  be  necessary  ;  in  other 
words,  the  entire  planet  would  become  the  cl(jsed  vessel,  aud  gravi- 
tation alone  would  perform  its  function.  Thus,  for  example,  could 
"We  remove  from  the  ocean's  surface  a  plate  of  water  of  such  a  thick- 
ness as  would  represent  a  plate  covering  the  whxAe  globe  to  the 
depith  of  about  34  feet,  then  whether  the  water  therein  remained 
liquid  or  were  in  the  state  of  vapour,  water  in  an  open  vessel  would 
then  boil  at  a  greatly  increased  temperature,  due,  namely,  not  to  one 
atmosphere,  but  to  two  atmospheres  ;  and  this  would  \se  true  of  a 
second  or  third  such  jilate  of  water  removed  from  the  ocean  and 
vaporized,  the  temperature  necessary  to  uifcct  this  last  being 
darned  txtmibe  heated  globe  itself,  and  the  temperature  continually 
rising  with  the  increase  of  the  weight  of  vaporized  water  already 
in  the  atmosphere.  The  relations  It^  twccn  temperature  and  pressure 
of  steam  have  been  experimentally  investigated  by  Li<^naalt,  and 

a.j.a.&  Ko.141.  I 
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tliB  niultB  giten  in  a  sorieB  of  of  aa  elfiganot  and 

,  accuracy  not  to  be  Burpassed,  publislied  in  fho  *Menioift  of  fho 
Academy  of  iSciences  of  France.'  The  experiments  were  por- 
forraed  by  order  and  at  the  cxpcnso  of  the  French  Government; 
and  the  results  "which  the  mcraoirfl  contain  remain  to  the  present 
hour  tho  most  accurate  iui'ormatiou  we  possess  as  to  the  relations 
between  tcmperatnre  and  prosoure  of  aqneona  Taponr  or  ftoam. 
Begnault's  experiments  prooeeded  as  ISur  as  a  steam-pressure  of  24 
atmospheres ;  and,  by  cxtrapolatloa  and  empirical  formulae,  the  re- 
sults have  l)(H^n  oxtondod  up  to  a  pressure  of  50  atmospheres  or 
beyond.  These  formula?,  and  tho  results  to  ^^  hich  they  lead,  have 
not  the  same  authority  they  seemed  at  first  to  possess ;  for  almost 
nothing  was  then  known  as  to  the  change  in  relation  between  tem- 
peratoie  and  pceasme  at  some  point  of  temperature  diffsring  wBli 
tine  eoaBtitntb&  or  chemicsl  character  of  tiiA  evaporating  liody ,  whidi, 
although  suggested  long  ago  by  the  remarkable  oxx>eriment8  of 
Cagniard  do  la  Tour,  attracted  but  little  attention  until  the  publica- 
tion of  Dr.  Andrews's  researches  in  our  own  day,  by  whom  this 
change  in  tho  relation  of  temperature  and  pressure  has  been  called 
the  ^'eritiosl  point" 

It  has  been  nndentood  iiiat  Or.  Andrews  has  been  engaged  iik 
endeavonring  to  ascertain  experimentally  at  what  tempeniturs  tiie 
** critical  point"  for  water  is  reached.  Tho  inquiry  is,  however,  one 
of  great  exi)orimental  difficulty  ;  and  I  am  not  aware  that  any  result 
has  yet  been  arrived  at.  Some  analoj^es,  though  not  of  a  very  pre- 
cise character,  suggest  the  supposition  that  it  may  bo  found  at  about 
'iiie  tempermtnse  of  melted  sine,  or  abont  Ftht,  Emi  weM 
this  the  extreme  limit  of  temperature  at  wbicb  liqnid  water  fint 
reached  oor  earth's  snrfsee»  it  would  have  been  exalted  enough  to 
have  priven  rise  to  many  remarkable  gedogical  phenioaMiia,  tndi  as 
are  touched  upon  further  on. 

The  experiments  of  Kegnault  need  therefore  to  be  extended,  and 
the  extension  his  results  by  calculation  to  be  revised,  before  we 
shall  be  in  a  position  to  know  with  snffldent  oertnint^  what  would 
be  the  temperature  of  the  last  portions  of  water  were  the  ooesn 
boiled  dry  and  all  the  water  in  the  state;  of  vapour  still  floating  over 
our  globe,  or,  what  is  the  same  thiiip:,  what  would  l>e  the  tempera- 
ture of  tho  water  first  d(>po8ited  from  such  an  atmosphere  upon  the 
heated  earth.  While  I  have  thus  been  able,  1  hope,  to  make  clear 
ISbid  line  of  physical  argument  by  which,  in  general  tstms,  ilisse  im- 
portant deductions  hsTo  been  arriTcd  at^  it  is  jdain  that  pteews 
numerical  values  cannot  be  attached  to  them  until  we  shall  hav^  as- 
certained, approximately  at  least,  the  actual  volume  of  water  existing 
upon  our  globe,  and  shall  also  po.ssess  experimental  information  as 
to  tho  relation  between  temperaturo  and  pressure  of  steam  extending 
beyond  Kcgnault's  limits. 

go  many  cironmstanoes  concur  in  soppbrt  <tf  the  nebular  hypo- 
thesis, that  it  seems  to  deserve  rathtf  the  title  of  the  nebnkr  theory; 
but,  in  whichever  light  it  bo  viewed,  there  must  have  been  a  time 
when  the  surface  of  our  planet  was  destitute  of  water,  and  when  all 
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terreetrial  water  exist(Ml  as  vapour  floating  aa  an  atmosphere  round 
the  dry  and  heated  planet ;  and  unleaa  we  assume  the  altogether  im- 
probable  notun  of  mmouin  ereatioM  of  additioiial  wttter,  tiwiHiolB 
of  our  flxifltiiig  oceam,  and  all  the  oflier  wstor  of  oar  gM^^  nnrt 
htswB  Hmo  hung  in  Tapoor  abore  its  surface,  coiiatitiiting  the  chiefly 
aqueous,  but  partly  aerial,  atmosphere  of  the  primordial  globe.  For 
want  of  numerical  data,  especially  those  relating  to  the  pressure  and 
corresponding  temperature  of  steam,  and  what  the  actual  volume  of 
terrestrial  and  oceanic  water  was,  we  are  unable  to  assign  what  the 
imperalm  of  oor  ^obe  Itai  iTM^  tlioiigb  it  niut 
Ingher  than  that  of  the  atmoapteo  above  it,  which  was  exposed  to 
oooUiig  by  radiation  into  space ;  and  in  this  state  of  eqiulibriam 
between  heat  and  gravitation  tJie  slightest  reduction  of  temperature 
must  have  been  attended  with  condensation  of  vapour,  and  with  the 
first  deposit  of  liquid  water  upon  our  earth.  It  is  not  an  extravagant 
supposition,  therefore,  that  the  firat  drops  of  liquid  water  whicb  ever 
loUed  upon  liie  anrfMe  of  oar  wore  at  a  temperatoio  yomtij 
equalling  that  of  liquid  cast  iron.  Howevtf  high  must  hove  been 
the  boiliog-point  of  water,  while  it  was  all  compellM  to  remain  sus- 
pended as  vapour  by  the  repulsive  power  of  the  heated  globe  itself, 
this  last  was  then,  as  now,  in  process  of  gradually  cooling  by  loss  of 
beat  by  radiation  into  interstellar  space.  With  every  such  decre- 
ment OK  ten^eiataie,  watery  vapoor  moot  bavo  been  ooadenied  and 
piedipitatod  in  a  liqaid  etafte  open  the  earth's  satfaoei  bat  with 
every  such  stage  of  cooling  and  Condensation  ksi  water  yapour 
floated  above  our  globe,  and  less  barometric  pressure  resulted. 
Henoo  the  boiling-point,  or,  what  is  the  same  thing,  the  temperature 
of  liquefaction  of  the  remaining  aqueous  vapour,  and  of  the  liquid 
water  produced  by  previous  condensation,  must  have  receded  until) 
bk  the  eoarse  of  ages»  the  tsauMratare  of  ebolHtion  of  water  reiohed 
what  we  now  find  it  to  beu  The  boiling  ocean-water  continned  to 
eool  until  its  temperature,  as  known  in  bistorio  time  and  now,  waa 
reached ;  and  to  this  other  and,  in  some  respects,  more  complex  con- 
ditions than  those  to  which  we  have  already  referred  concurred,  as 
we  shall  presently  sec.  When  we  attempt  to  follow  out  the  pro- 
bable eonditioDs  tiiat  most  bavo  attended  the  gradual  reCrigeraliett 
by  ladiatien  fiato  spaoe  of  a  highly  heated  globe  and  a  nearl/ 
equally  heated  ocean,  we  are  launched  Upon  a  mental  vojago  where 
the  imagination  is  often  left  without  any  sure  guide  from  reason  and 
known  natural  laws ;  still,  amid  so  much  obscurity,  we  can  disoem 
some  outlines  which  may  be  regarded  as  true. 

Upon  the  aerial  conditions  in  relation  to  thu  heat  and  light 
derind  fram  tiie  sun  tfaiongh  an  atmoepheie  oompoeed  almost 
wholly  of  iteam.  I  shall  only  remiilE  that  saoh  an  atmosphere  woold 
ba  much  more  oblate  in  form  than  oar  present  atmosphere,  and  also 
much  less  penetrable  by  the  solar  rays,  and  would  therefore  produce 
far  greater  vicissitudes,  both  of  light  and  heat,  between  summer  and 
winter,  than  now  exist.  There  would  alwaj's  be,  as  Buffon  long 
since  indicated,  a  great  difierenoe  of  temperature  between  the  politf 
aiideq;aatoaalioe;ions;  lo  that  doling  the  later  atagea  of  the  deposi- 
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tion  of  water  upon  our  globe  ice  may  have  formed  in  polar  seas, 
white  the  eqaatoritil  oooan  wai  too  hot  to  permit  the  existenoe  of 
HTing  organiBms.  At  the  same  tame  the  oonditioiiB  of  temperature 

and  lefrigeiratiou  of  an  ocean  so  highly  heated  must  have  caused 

oceanic  currents  of  <i  volume  and  velocity,  and  hence  of  a  transporfc- 
inf^  power  for  solids,  uujKiralleled  in  the  present  condition  of  our 
earth.  The  great  ditii-renoe  in  temperature  between  the  polar  and 
equatorial  regions  must  have  resulted  ol&o  in.  torrential  rams  such  as 
are  now  nnlmowii. 

Taking  all  these  pomta  into  oonmderatioD,  we  may  regard  H  as 
highly  prohahle  that  at  about  the  epoch  when  the  ocean-bed  was 
filled  to  nearly  its  existing  level,  the  breaking  up  of  solid  rock- 
matter  then  forming  tlie  surface  of  the  globe,  and  it-s  reduction  into 
a  detrital  state,  must  have  proceeded  at  a  far  greater  rate  than  at 
any  anterior  or  bubsequent  period  of  the  history  of  our  planet; 
whilst  tnm  the  known  aolvent  power  of  water  at  high  tempera- 
tures, and  from  the  tendency  that  beat  and  water  alone,  when  left  at 
rest^  possess  to  recompact  and  unite  detrital  matted  into  rocky 
masses,  we  may  "likewise  as55ume  that  this  was  also  a  period  of 
t^nergetic  rock-formation.  If  wo  consider  the  enormous  masses  of 
detritus  which  wo  now  iind  everjTvhere  recompacted  into  rock,  we 
must  admit  that  the  oonditions  of  rain,  river,  and  littoral  «RNion 
and  transport,  as  we  now  witness  them,  will  not  aceonnt  tn  iliese 
OTidences  of  ancient  action,  however  much  we  may  extend  the  limit 
of  time  within  which  they  may  have  ;u  ted. 

M.  Daubn-e  has  observed  the  formation  of  various  crystallized 
minerals  in  the  eavities  and  fissures  of  ancient  brickwork,  by  depo- 
sition from  the  w  iirm  w^aters  of  certain  springs  in  the  course  of  the 
last  2000  years.  The  numerooB  and  important  observations  xeoorded, 
ohiefly  by  Gotta,  upon  the  disposition  and  constitution  of  the  mineral 
mattos  now  found  filling  fissures  and  veins  penetrating  the  earth's 
crust,  seem  to  indicate  that  these  were  originally  empt)',  or  filled 
with  molten  matter  from  greater  depths  below  the  surface.  In  either 
case  they  seem  at  first  to  have  been  dry,  though  now  filled  with 
mineral  matters,  generally  cr}'stallized,  often  de^josited  symmetrically 
on  both  sides  of  the  central  line  of  the  fissure.  The  ohazaeteiistic 
mineral  contents  of  many  veins  also  alter  completely  with  deptiu 
Hence  it  seems  not  improbable  that  these  and  other  phenomena  pre- 
Bented  by  the  contents  of  fissures  nm\  veins  may  be  due  to  their 
having  become  charged  with  water  from  the  gradually  filling  ocean- 
basin  at  a  temperature  far  exceeding  the  preiicnt  boiling-point 
of  212^  Fahr,,  and  containing  abundance  of  mineral  matters  in 
Bolntion. 

To  recapitulate  in  brief  the  chief  points  of  the  preceding  paper. 
At  some  remote  epodi  our  globe,  highly  heated,  was  devoid  of  liquid 
water,  all  the  water  belonging  to  it  being  suspeiided  as  vapour  above 
its  surface :  and  in  this  state  of  things  the  boiling-point  of  water 
must  have  been  that  due  to  the  barometric  pressure  of  the  great 
volume  of  water-vapour  whieh  formed  the  immensely  greater  por- 
tion of  onr  earth's  atmosphere.  Secular  cooling,  however,  continued 
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to  take  place ;  and  as  the  tempeiatore  of  i&e  solid  globe  and  its  at- 
jQospliere,  chiefly  of  aqaeous  vapour,  was  reduced,  suooessive  portions 
of  tibia  Tapour  were  condensed  into  water  and  deposited  in  tlie  liquid 
form,  and  at  a  tcmporatnro  which,  in  the  then  state  of  thiiiE^s,  wiia 
its  boiling-]>oiiit.  The  boiling-point  of  water  upon  our  ^]oho  waa 
therefore  a  maximum  when  all  water  was  hold  as  vapour  iu  suspen- 
aion ;  and  as  seonlar  oooling  proceeded  tlie  boiling-point  became 
lower  and  lower,  as  the  water  waa  di?ided  between  the  Taponr  atmo- 
sphere still  in  suspension  and  the  liquid  water  already  condensed  and 
deposited  from  it;  and  this  continued,  the  boiling-point  constantly 
receding,  and  tho  temperature  of  the  li(iuid  water  at  its  point  of 
deposition  continually  lowering,  until  tho  existing  stato  of  things 
was  reached. 

80  mnoh  seems  to  be  to  snoih  an  eoctent  supported  hy  fauywn  phy- 
sical data  that  it  may  he  considered  certain.  To  its  full  estfr- 
hlishment  in  a  nomencal  form  wo  need  a  more  accurate  determina- 
tion of  the  total  volume  of  water  appertaining  to  our  globe,  and  a 
sufficient  extension  of  tho  exj)criniental  determination  of  the  ^oli^• 
tions  between  temperature  and  pressure  of  steam.  The  few  deduc- 
tions which  I  have  made,  rather  by  way  of  iUnstntion  than  as  at  all 
systematic,  iu  less  as  exhanstiTe  of  the  almost  bonndleas  fleld  of 
inqoiry  which  ^eem^  to  bo  opened  up  by  tiie  main  propositions  of  this 
paper,  must  be  judged  of  for  what  they  are  worth  by  those  who  have 
made  themselves  acquainted  with  what  I  have  here  ventured  to  set 
before  them. 

Dnomsioir. 

The  PRKSinFNT  said  he  had  read  tho  paper  with  much  interest, 
but  ihfuight  that  Mr.  Mallet  had  overestimat<'d  the  possible  tem- 
perature of  tho  hi-bt  deposited  water,  though,  indeed,  we  were  bLill 
ignorant  cf  the  critical  pcint  for  water;  still  he  doubted  whether 
water  eddd  exist  at  a  temperatore  higher  than  a  dull  red  heat 
He  thought  that  the  geological  action  also  was  overestimated; 
nevertheless  the  subjeet  had  an  important  bcariltg  on  the  structuiD 
of  some  of  the  most  ancient  rocks, 

Mr.  EvAjfs  said  there  was  one  point  which  separated  this  question 
from  tho  ordinary  experiments  mode  on  water ;  in  them  water  waa 
held  in  a  closed  vessel ;  here  the  heat  of  the  vapour  could  radiate 
into  free  space  at  a  low  temperature.  Then  convection  might  have 
eansed  ccosidenhle  equalization  of  tempcTatnie  before  any  con- 
densation. 

Prof.  Prestwtch  said  that  the  cause  introdured  by  Mr.  Mallet 
would  tend  rapidly  to  lower  tho  temperature :  if  the  equator  and 
poles  were  at  different  temperatures  tibere  would  be  sudi  rapid  air- 
enrrents  as  to  equalise  the  general  temperature ;  also  if  the  tem- 
perature were  80  high  in  earlier  times  tiiera  would  be  more  meta- 
morphism. 

Dr.  Hicks  said  that  all  we  know  of  the  earliest  rnr  ks  was  that 
they  were  crystalline,  hut  that  the  rocks  following  them  had  their 
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ibeDamiflhMged;  bo  that  fh«  Mie  nflotittiied  I17  Ifr.  lUlafe  ei^^ 
baldly  have  aoted  since  the  yery  earliest  days. 

Prof.  BomrET  asked  whether,  if  the  heat  were  still  considerable  in 
Miocene  time,  as  stated  by  the  author,  there  would  not  be  too  great 
heat  for  life  in  (for  example)  Old  Bed  Sandstone  time. 

Gapt  Galioh  thought  that  at  the  period  when  the  very  high  tempe- 
ntoitt,  m.  tiiat  of  molten  iioo,  prarailed,  wattr  or  wateiy  Taponv 
could  not  have  existed,  and  that  when  the  oooHng  pnooeM  had  oon- 
tinaed  so  as  to  admit  of  the  formation  of  aqueous  vapoor  and 
water,  the  high  temperature  would  still  not  have  admitted  of  the 
existence  of  life ;  consequently  tho  time  at  -^  hich  these  elevated 
temperatures  prevailed  must  have  been  before  the  time  when  geo- 
logical hifltory  began. 

Ht.  ICauai  aatd  lift  did  not  tappoae  any  pazi  of  the  miginal 
orost  of  the  globe  remainod  at  piesent  visible  ai  the  indSMe.  Siudi 
geological  doductiona  fis  were  made  in  his  paper  were  only  illus- 
trative, and  might  bo  ojK)n  to  question.  Tho  epoch  at  which  the 
phenomena  occurred  to  which  his  pai)er  referred  was  lonj?  anterior 
to  the  existence  of  either  animal  or  vegetable  life  upon  our  globe. 
Henoe  the  palteontological  obeemtionB  that  had  ben  made  did  not 
seem  to  him  to  apply.  Wliat  he  does  affirm  as  oertain  ia  that  the 
method  he  has  indicated,  requiring  for  its  data  a  mora  extonded 
experimental  knowledp:o  of  tho  relations  between  temperature  and 
pressure  in  aqu(H)iis  vapour,  and  a  more  exact  knowledge  of  tho 
total  volume  of  water  now  uj)on  our  terraqueous  globe,  affords  tho 
means  of  determining  the  temperature  of  our  oceanic  water  at  every 
period,  fzom  ibat  of  the  primordial  ocean  to  our  oim  day. 
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11,  UndetcnM  Fossil  CARinroRA.  from  the  SivXlik  Hilui  in 
CotUction  of  the  British  Museum.   By  P.  N.  BofiS,  B.8o. 

(Lond.),  f (Koad  Peoembdr  17|  1879,) 

Ths  ablo  doscriptionB  by  Falconer,  Bupplomontod  of  late  by  lliiti- 
mey«r  and  Lydekker,  have  made  the  Sivyik  Ungnlates  widely  Imawn 
in  fbe  soiflntiiio  world ;  Imt  the  nmaJnB  of  tiie  Oumiroro,  portly 
on  aooooDt  of  their  comparative  rarity  and,  perhape,  partly  bocanse 
the}'  mostly  belong  to  forms  which  do  not  strike  the  imagination  so 
forcibly,  have  had  less  attention  bestowed  on  them.  As  long  ago  as 
1S30,  Falconer  and  Cantloy  described  two  of  tho  larger  forms  under 
the  names  of  Fdis  crisiata  and  Ursus  sivcdetms* .  Tho  latter  was 
alterwaida  ndaed  to  fhe  zank  of  a  genus,  eaUed  \iy  Mooner,  Hya^ 
nareUa,  evidently  in  opposition  to  Do  Blaaniille,  who,  nnder  tiio 
designation  of  Sivakm^y  placed  it  at  the  head  of  his  newanborder 
SubnrsidoD.  Subsequently  Dr.  Falconer  described  another  novel  and 
highly  interesting  Carnivore  under  the  title  of  Knhifdriodonsivaleiisis. 
All  those  descriptions  will  bo  found  in  the  lirst  volume  of  the  PalsB- 
ootological  Memoirs  |.  O^ing  to  the  untimely  death  of  Dr.  Falconer, 
adfliioe  was  deprived  of  the  rare  adrantage  ci  a  deaoription  of  the 
fomaining  Camivora  from  the  pen  of  that  gifted  comparative  ana- 
tomist. Most  of  them,  however,  had  been  figoied  by  Mr.  Ford  for 
the  *  Fauna  Antiqua  Sival^nsis't,  but  were  never  published.  At 
the  suggestion  of  Prof.  Judd  and  Mr.  Ftlieridge,  I  undertook  an 
examination,  of  these ;  and  through  the  courtesy  and  liberality  of 
Br.  Woodward,  of  the  Qeological  Department,  every  facility  was 
affiuded  to  me  for  my  investigation.  I  have  also  to  aeknowledge 
iny  obligations  to  Mr.  Davics,  of  tho  Geological  Department,  whose 
thorough  ac<iuaintancc  with  the  fossils  was  of  great  sennce  to  me; 
and  also  to  tbo  authorities  of  the  Zoological  l)e])artmcnt  for  the  loan 
of  specimens  from  the  Osteological  collect  ion,  which,  as  yet  uid^nown 
to  the  public,  coutiiins  hidden  ireubures  uf  iuestimablc  vidue.  1  am 
also  iniMted  to  Frol  H.  G.  Seeley  for  several  valuable  suggestions. 

Beddea  the  three  speoiea  aoourately  described  by  Falconer,  Messrs. 
Baker  and  Durand  ably  noticed  the  remains  of  several  Camivora  in. 
the  pages  of  the  Journal  of  the  Asiatic  Society  of  Ikngal§ ;  and  lately 

*  Atfstie  Pcsearehw.  vol.  six. 

t  Op.  cit.  pp.  3ir),  3*21.  3.31.  The  figures  1-4,  pi.  xxv.,  ncooinpanying  tho 
description  of  F.  cristafa  iu  I'al.  Mom.,  are  wrongly  referml  to  that  Bjwcics ; 
and  the  index  to  the  unpublished  pi.  K  (Pal.  Mem.  yoI.  i.  p.  f>48)  is,  by  an  error, 
h^i\ci\  FeliacHdattL 

X  Thm*  fipiire«  arc  contained  in  tbo  unpiil)li>ihod  pinto?  K',  T ,  N,  O,  P,  Qt 
now  preticrvcd  iu  tho  GeologiGal  Depurlmuut  ul  tho  Brilittli  Mudt-um. 

I      sO:  VOL  V.  p.  679. 
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Kr.  Lydckker  haa  discoTered  four  new  and  interaating  apedaa  of 

CarniTora*. 

The  following  is  a  complete  list  of  foaail  CaniiTOia  fam  the 
Sivalik  Hills  known  at  present 

1.  AmpJUeyon palanmJicvs,  Lydckker. 

2.  Hyctnairtts  sivalensis,  Fale.  et  Gantl. 

3.   itidii'iis,  Lydokkcr. 

4.  fLu(ni  2>ah>  iiniica,  Fale.  tt  Cautl.  ct  nob. 
d.'^Mellivora  {^UrsiUums)  «aa/t?i5Wf,  ialc.  ct  C'uutl. 

6.  Enhtfdriodon  tivttlentiSi  Falc  et  GautL 

7.  letUherium  mmUnte,  Lydekker. 

8.  t  Viverra  Bdkeni,  nob. 

f  * .  §  Canis  eurvip<Uaiiu,  nob. 

10.  t  sp.? 

11.  tUy ana  sivalemis,  Folo.  et  Cautl.  et  nob. 

12.  t  fdinay  nob. 

18.  Fdi»  cristata,  Fale.  et  Cant. 

14.t  sp.  ? 

Ib.fMatJictroduB  sivaUnsis,  Falc  et  Cautl.  et  nob. 

lO.t  pa7(Tj"/K7?V?/j?,  nob. 

17.  FieuUalmns  sivaUnm,  Lydckker. 

TTntO  lately  the  ^Talik  foerila  need  to  be  quoted  by  paUeontologista 

as  Miocene ;  but  the  Geologi^  Surrey  of  India  refer  the  ossiferous 
Sivalik  strata  to  the  Pliocene  epoch  ;  and  Messrs.  Jfedlicftt  and 
Planford  have,  in  their  valuaMc  'Manual  of  the  Geology  of  India,' 
entered  into  a  very  elaborate  discussion  regarding  their  ago.  Fr(  m 
the  Btrutigruphical  evidence,  according  to  them,  "  there  can  be  no 
reaaonaUe  doubt  that  tiie  Mancbhar  beds  of  Sind,  aa  a  whole,  corro- 
apond  with  the  SiriBk  formation  of  Northern  India and  the  Lower 
Manchhar  beds  are  sho-wn  by  them  to  be  most  ]»robablv  Fpper  Mio- 
cene!!. But  the  evidence  for  correlating  these  l)e(Ls  -with  the  Lower 
Sivaliks  (the  Kfihans),  which  arc  perfectly  nniossilil'erous,  and  tlie 
**  almost  unfossiliferous  Upper  ^faiuliliar  beds  to  the  ossiferous  ^trata 
of  the  iSivaliks,"  ia,  to  say  the  least,  uot  incontrovertible.  Correlation 
of  strata  in  the  absence  of  fossils  would  be  necessarily  uncertain, 
especially  seeing  that,  as  we  are  informed  by  Messrs.  fianford  and 
Medlicott,  it  is  "extremely  difficult  to  trace  particular  zones  amongst 
the  confused  and  contorted  mass  of  the  newer  Tertiary  deposits  in 
the  8ub-Himal;(\  an  ranges  and  the  rimjab."  There  is  no  rea>;on  "why 
a  part  of  the  Lower  JManelihars  should  not  correspond  to  a  part  of 
the  Sivaliks  above  the  I^aban  group.  Our  knowledge  of  the  Lower 
Hanchhar  &una  ia  derived  from  remains  which,  according  to 

*  K^rds  of  the  Qeologicsl  Surrey  of  India,  toL  z.  pt.  1,  p.  22,  pt.  2,  p.  83^; 
ToL  xi.  pt.  1,  p.  103. 

t  T)(  «tTil)ed  here. 

*  j^eecribod  by  Me<:<^rB.  Baker  andSuiaod  under  the  generic  name  of  *'  Gtdo^* 

(J.  A.  S.  of  Bengal,  vol.  v.). 

§  Di  Hcri})tion  uf  Me^rs.  Baker  and  Duitukd  Bonftlemented  here. 
i  Manual  of  the  Qeology  of  India,  p.  581. 
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Messrs.  Blanford  aud  Mcdlicott,  are  extremely  fragmcutory,  and 
.  chiefly  eooaiBfe  of  aingle  teeth  and  bfoken  portioiifl  of  fiooee  Fif- 
teen epedes  of  Mammalia  haTe  been  determined  from  such  remains ; 
and  of  these  ten  are  also  met  with  in  tiie  oseiferoiiB  Sivaliks.  One 
would  therefore  feel  some  hesitation  m  referring  the  latter  to  an 
ago  subsequent  to  that  of  the  Lower  ^hiiiclihars. 

The  palieontological  evidence  adduced  by  the  learned  geologists 
18,  according  to  their  own  admission,  far  more  nnsatisfactory.  In 
hidt,  in  Older  to  explain  the  Miocene  facies  of  the  SiTilikfanna,  they 
have  had  to  adopt  the  theory  that  some  of  the  European  Mioeene 
forms  snrvived  in  the  Sivalik  area  during  riioceno  times.  The 
theory  is  simple  in  itself ;  and  no  objection  can  lie  r;iised  ngainst  it. 
But  obviously  wo  should  have  recourse  to  such  ii  theory  only  if  the 
ossiferous  iSivaliks  were  proved  by  clear  stratigraphical  evidence  to 
belong  to  the  Plieeene  epoch,  or  if  the  SiTilik  fanna  eonld  he  diown 
to  have  decidedly  stronger  affinities  with  the  PHooene  than  with 
the  Miocene  faunas  of  other  localities.  It  is  greatly  to  be  regretted 
that  the  exact  horizons  from  which  the  fossils  have  been  collected 
are  not  known  :  and  there  can  be  no  doubt  that  a  few  of  these 
(though  their  number  must  be  very  limited)  are  more  recent  than 
the  rest.  But  it  is  certain  that  by  far  the  great  majority  of  the 
ytiimflu  composing  the  Sivalik  fanna  lived  at  an  epoch  intermediate 
hetween  the  Middle  Miocene  and  the  Middle  Pliocene;  and  the 
question  is  whether  tiie  fauna  should  be  quoted  as  Upper  Miocene 
or  Lower  Pliocene.  I  shall  here  only  attempt  to  answer  this 
question  on  the  pala'ontolocrieal  evidence  afforded  by  the  (,'aniivora, 
the  subjects  of  this  description ;  but  i  may  say  that  if  the  Sivalik 
iaona  were  discussed  as  a  whole,  the  answer  would  not  be  different. 

There  are  12  genera  of  Camivora  known  from  the  SiTifiks.  Of 
these,  six  (t.  e»  half),  viz.  Mucharodus,  Pmtdalurus^  Ictxiherium^ 
Amphicyon^  Uycenarctos,  and  Knln/f/nodon,  are  extinct.  Of  the  11 
genera  of  Camivorat  known  from  the  Mioeene  of  Snnsan  and  Simorre, 
6  (i.e.  a  little  more  than  half)  are  extinct,  vi/.  Mtalicrrodvs,  Pseu- 
dalurtu,  Amphicyon,  Uyanarctos  {JJtmicyon),  Ictitherium  {TJtaUas- 
meH$)t  and  Fuudoajon,  The  first  five  of  these  genera  are  common 
to  tiie  Sivaliks ;  Maeheerodut  ranges  from  Miocene  to  Pleistocene ; 
hat  Puudaslurut,  Amphia/on,  and  Umrnarctus  are  characteristically 
Miocene  genera,  though  the  first  and  the  third  have  ii  met  with 
in  deposits  of  Pliocene  age,  the  former  in  America,  and  the  latter  in 
Europe,  Ampldnjon,  however,  is  not  yet  known  to  have  survived 
the  Miocene  epoch.  Enhydriodun  has  been  hitlierto  confined  to  the 
Bivaliks.  Now  if  we  examine  the  Lower  PUocene  fauna  of  Mont- 
pelliertt  or  the  Upper  Pliocene  fauna  of  Mount  Perrierf,  we  find 
only  one  extinct  Camiyore,  and  that  the  ubiquitous  Machenodm, 
The  fauna  begins  to  assume  an  altogether  recent  asipect.  The 
fossils  found  at  Pikermi  present,  as  a  whole,  a  close  parallel  to  those 
from  the  Sivahk  Hills — so  much  so  that  Messrs.  Medlicott  and 


»  Qp.ct^.p.47L 

t  Hetel^«!bBil4d«nateitologie; 
X  Pkti^<9K.m<.p.681. 


torn.  iv.  p.  677. 

i  Fiot0(^op.dy.p.C83. 
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Blinfud  hm  vada     i|»  ikf      Uillw  4o  liiage  m  ttat  of  flid 

fiormer.  After  quoting  If.  Gsudry't  anthoiiiy  to  mm  llwft  tito 
Pikermi  fauna  is  Pliocene  and  not  Miocene,  they  oondudo  by  sajing 
that  "  there  can  be,  therefore,  no  reasonable  doubt  that  the  Pikermi 
fossils,  like  tho  Sivalik,  are  of  Pliocene  nfre,  and  that  the  quotation 
of  them  as  Miocene  is  an  error  Jbut  it  it  is  an  error  to  quote  the 
PSkenni  turn  m  Hiooene,  K.  Qandiy  IuibmI^  an  whow  wathofitj 
this  (XMMliuiioii ia  Inaad,  k  gmltjr  of  it;  fair  in  hli  latest  woikt  hp 
constantly  cites  the  Pikermi  foesils  as  Upper  Miocensu  Consider- 
ing, therefore,  the  strong  aflBnities  of  tho  Sivalik  fauna,  as  a  whole, 
to  tho  known  Miocene  fauna,  and  having  regard  to  its  close  rela- 
tionship with  tho  Pikermi  fauna,  it  would,  I  venture  to  suggest,  be 
advisable,  for  historical  purposes,  to  place  it  on  tho  samu  hQri;^ou  as 
the  Utter,  end  legoid  them  as  Upper  IGooene.  In  tho  8iTil& 
iwmoy  howeiver,  theto  U  nunt  prohoUy  on  .odauztnio  of  lomo 
Pliocene  forms. 

It  will  bo  scon  from  tho  list  given  above  that  there  are  17  species 
of  Carnivoru  known  to  occur  as  fossil  in  tho  ossiferous  ISivriliks  ;  but 
there  uro  indications  of  some  more.  In  the  collection  of  the  British 
Museum  there  are  several  mutilated  skalls  belonging,  moot  probably, 
toomattfennaof  OoniiTOia,>mtfliooiHni 

of  dentition,  I  have  been  unable  to  dotennine  ezaedy.  Wo  maj 

therefore  safely  add  3  more  species,  making  the  total  number  20. 
In  the  Sivalik  area,  at  tho  present  day,  there  are  altogether  17  or 
18  species  of  Camivora:t>  showing  ii  decrctisc  of  3.  Tho  Carnivore 
fauna  of  India  consists  of  about  4U  species^,  that  is  to  say,  double 
the  number  known  from  tho  Bivilika.  Tliia  la  owing  to  tiio  increase 
in  tho  smoOir  fiumiB,  the  nombor  of  the  laigor  Ibnna  havinir  doersoaod. 
Tho  numerical  strength  of  the  existing  OanuYOfO  fauna  of  India 
presents  a  striking  contrast  to  tho  extreme  poverty  of  tlie  Ungulate 
&ima  (including  the  Proboscidians),  which  does  not  consist  of  more 
than  27  species, |.  No  less  than  GO  species  of  Ungulates  (including 
Proboscidians)  are  known  from  the  Sivalik  beds — that  is  to  say,  more 
than  donhle  the  nnmhor  now  inhabiting  tho  whole  of  Lidia.  !nio 
propoftion  of  the  fossil  to  the  living  Ungulates  in  the  Siimlik  area 
itself  as  pointed  out  by  Messrs.  Medlicott  and  Planfoid»  ia  as  5  to  2. 
We  therefore  oomo  to  the  conclusion  that  if  tho  Carnivore  fauna 
has  been  impoverished,  tho  impoverishment  has  been  oonsidorably 
less  than  that  of  the  Ungulate  iauna, 

Kkumjnomm  amuniB,  Falo.  ot  CaulL  ot  nob.  (FL  YI.  fig.  5.) 

Two  imperfect  onmia,  At  fragmonta  of  lower  jaws^  and  two  of 
upper  jaws,  in  the  eoUootion  of  tiio  British  Kosoom,  are  all  labeled 
JDnpanodon  (Maeharodut)  iwakntit.  Of  tho  six  speoimena  of  lower 

»  Op.  c»i.  p.  584. 

t  '  Lea  flnclialneineDtB  do  Monde  Anunaly'Fai^ 

273.  Sec. 

MoiUicott  aiul  lilanford,  op,  cit.  p.  589. 
Jerdon's  '  Mammals  of  IndiO)'  pp.  68-164^ 
Jezdon,  op.  ct&  p.  228. 
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3 tw,  tw^*  tfidenttj  belong  to  fHHg,  probably  to  ihtt  Mil  mitim  of 

falconer ;  two  others  hem  been  added  to  tbe  flflMeotfam  dme  Bk. 
Falconer's  death,  and  are  not  mwtioiiied  ia  the  *  Falnontologieal 

Memoirs.'  These  are  of  much  lar^r  dimensions  than,  and  other- 
wise differ  from,  the  two  remaining  fragments  of  lower  jaw.  Of  the 
crania,  the  size  agrees  with  that  of  the  former,  which  I  have  aep&« 
xetod  ae  belonging  to  »  dietiiuA  epecies. 

Of  the  fonr  qMoimeiis  furwbioii  I  have  ntomed  theipeeUb  mbm 
of  ♦'#tv<a*n««"t,  two  haye  been  briefly  described  by  Prof.  Owent. 
One  is  a  fragment  of  upper  jaw  with  evidently  the  deciduous  den- 
tition, and  t^e  other  is  a  portion  of  the  lowev  jaw*  !Die  fllftiathlW 
noticed  by  the  learned  palaK)ntologi8t : — 

*^  The  molar  scries  in  the  Sivalik  Macluerodut  includes,  in  an  ex- 
tent of  1\  inch,  three toetii ;  flieilnl^'whldiiiiixDple, single-fanged, 
and  Tory  small,  is  tndicatod  bj  the  eoeket;  the  eeoond,  xoamSnig 
8  lines  in  the  antero-poatozior  diameter,  is  the  camassial  or  seotorial 
tooth  ;  its  crown  is  more  compressed,  its  trenchant  margins  sharper, 
and  the  inner  tubercle  less  developed  than  in  the  normal  species  of 
FdU.  The  socket  of  the  third  or  tubercular  molar  is  behind,  or  in  a 
Une  with  the  sectorial  tooth,  as  in  the  mili^-teeth  of  the  Liou.  What 
remains  of  tiiA  eaiune  indieatoa  ita  great  length;  the  breadlli  of  itt 
baae  ia  5  Imea ;  it  ia  miiob  oompreMed;  tiie  inner  8iiiliMeuilal»aa^ 
bolh  adigea  are  finely  but  distinctly  serrated." 

On  a  careful  examination  of  the  ppcciraen§  in  question,  I  am 
obliged  to  differ  from  so  high  an  authority  as  Prof.  Owen  in  some 
points  contained  in  the  description  just  quoted.  The  canine  and 
sectorial  are  in  tUu ;  and  there  is  the  alveolus  for  the  back  mulur, 
wliiehy  aa  in  Ilia  deddiunia  dentition  of  JWa,  is  very  large.  Boi  I 
Unfl  no  indioation  whatever  of  the  presence  of  a  molar  between  the 
sectorial  and  eanine||;  and  I  submit  that,  reasoning  d  priori,  wa 
should  not  expect  to  find  that  molar.  The  dentition  in  the  speci- 
men is  obviously  the  deciduous  dentition,  as  stated  by  Prof.  Owen 
himself  ^.   In  the  adult  Machcerodus,  with  the  single  ezcoptio;i  of 

»  BM.  no.  Ift537  and  no.  16673 ;  Pal.  Mem.  toI.  i.  p.  Hoi ;  Fauna  Antiq.  Siv. 
unpublished  plato  N,  figs.  6.  6a,  7,  Jo.  X  find  (hfkt  Mr.  JDarupf  toOi  xeferred 

UmM  figures  to  the  genus  FelU. 
t  M.  Poniel  notices  the  SiviUk  ^facharodus  as  MMatUhereon  Faleonmi 


Jiachmodta  Falconeri{Axx.  foss.  de  i'Attique,  p.  1 13). 
1  *  Hittafy  of  Brit  Koaa.  Mamm.'  pp.  178,  170. 

I  The  spcimen  hiis  been  6gured  in  one  of  the  unpublished  plates  (pi.  N)  of 
the  '  Fauna  Antiqua  SiTalensia.'   But  the  artUt,  Mr.  Ford,  who  was  geueralljr  f 
yvf  oaveftil,  haa  bjr  an  error  rspwisntod  a'  tooth  ia  firoiit  of  the  MObotial 
(flff.  daV.  The  epecimen  has  been  M^gived  in  Ad.  Mnn.  (pL  xsr«)i    It  is 
Buibercd  in  the  B.M.  163dO. 

I  Btr.  Falconer,  in  a  note  on  Felit  mdma  (PaL  Hen.  toL  ii.  p.  466),  ez- 
prawea  the  same  opinion.  Hesayg: — "In  the  Sewalik  specimen  \oi  Mach<s- 
rodus]  there  is  an  interral  between  the  camassier  and  canine  of  08  inch,  part  of 
which  has  been  artificially  nibbed  down;  but  there  is  not  the  least  iit^eation  of 
a/aiig-pUerfiu^[0yiGamj9tiMK9W,  and  that  it  issingle-ibaged  end  ompbl]." 
(The  italics  are  mine.) 

S  Op.oit'P.  178. 


Digitized  by  Google 


124 


p.  V.  Bon  ov  voiaiL  cabhitqba 


Leidy's  somewhat  aberrant  species  (J/,  primcpvus)  *,  there  are  alto- 
gether three  molars,  the  anterior  false  molar  of  Felis  (pm.  2)  being 
absent.  Now  this  tooth  replaces  the  tirst  milk-molar,  that  is  to  say, 
the  molar  between  the  deciduous  sectorial  and  the  canine  f.  Hence, 
as  the  anterior  premolar  of  Fdk  is  ahsent  in  the  adult  dentition  of 
Maeharodm,  we  should  expect  the  corresponding  molar  of  the  milk- 
doiitition  also  to  he  absent  in  the  latter.  The  anterior  false  molar 
of  the  adult  Macluprodus  is  the  homologuc  of  the  second  of  the  molar 
series  in  Fdis^  and,  as  in  this  ^mus,  n-plaecs  iho  deciduous  sec- 
torial, the  permanent  ^ectoriul  taking  the  place  of  the  large  back 
molar  of  the  milk-dentition.  Thus  1^  deciduous  dentition  of  the 
upper  jaw  on  eadi  aide  in  Maehcarodua  would  be 

d.i.  3,  d.c.  1,  d.m.  2=6, 

instead  of 

d.  1. 3,  d.  e.  1,  d.  m.  3  (Felt8)^7, 

There  are  two  other  points  in  Prof.  Owen's  description  which  call 
for  a  word  or  two  by  way  of  comment.  He  says  l£at  the  ^^inner 
tubercle  of  the  sectorial  is  loss  developed  than  in  the  normal  speoies 
of  Fdit"  But  it  is  not  developed  at  all.  Both  edges  of  the  canine 
are  asserted  by  the  eminent  naturalist  to  bo  "  finely,  but  distinctly 
serrated."  The  serration  of  the  posterior  cdpc  is  distinct,  but 
the  anterior  edge  is  damaged ;  and  we  cannot  determine  whether 
it  was  serrated  or  not. 

The  other  fragment  of  upper  jaw  (B.]f.  no.  39730)  evidently 
behmgs  to  an  adult  indiridu^  and  exhibitii  three  molars  in  situ, 
Tbib  canine  has  been  removed,  and  the  hinder  part  only  of  its  alve- 
olus is  visible.  It  is  separated  by  a  short  diastema  (<»-35  inch) 
from  the  anterior  premolar,  whicli  is  the  homolo^jue  of  the  second 
of  the  molar  scries  in  Felis,  It  is  two-luuged,  the  fangs  being 
diveigent  Ihe  crown  has  been  damaged ;  but  the  base  shows 
the  tooth  to  have  been  smaller  than  the  corresponding  tooth  of  if. 
neogcnu,  as  well  as  of  M.  mefjanthereon.  The  sectorial  is  interne- 
diate  in  size  bctwein  these  two  species ;  in  antero-postcrior  length 
it  is  a  little  less  than  double  the  deciduous  sectorial,  and  is  much 
more  stout  and  less  trenchant  than  the  latter.  TIktc  is  no  internal 
tubercle,  but  a  slight  thickening  of  the  cingulum  is  visible  in  its 
place ;  and  a  prominent  flattened  ridge  (absent  in  themilk-sectorial) 
ascends  from  the  thickened  portion  to  tiie  summit  of  the  second  of 
the  three  lobes  into  which  the  blaito  is  as  usual  divided.  In  the  an- 
terior of  these  lobes  a  notch  maps  off  a  small  lobe  in  front  and  a 
considerably  larger  one  behind.  The  middle  lobe  has  an  elevated, 
triangular,  pointed  crown ;  the  posterior  lobe  has  a  low,  horizontal^ 
sinuous  edge. 

Of  the  two  firagments  of  lower  jaw  one  has  been  briefly  described 
by  the  learned  comparative  anatomist  I  have  quoted  above  It 

*  '  Anc.  Fauna  of  Nebraska,'  p.  96.         t  Owen's  '  Oih  nto^phy,'  p.  489. 
\  Owen,  '  Brit.  Fosb.  Momm/  p.  179,  figs.  4,  4a ;  uupubluhed  plate 
Faana  Jkiitiq.  fiir. ;  %    pL  xzr.  PtL  Mem.  vol.  i. 
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shows  well  the  downward  and  forward  extension  of  the  mandibular 
symphysis,  whkh  Is  more  elevated  than  in  If,  meffontheMim.  Tho 
canine  is  absent ;  but,  from  its  inferred  position,  the  diastema  be- 

tween  it  and  the  first  false  molar  may  be  concluded  to  hare  been 
shorter  than  either  in  ^f.  neogiy"^  or  M.  mega nther eon  ;  and  the 
height  of  the  ramus  in  front  of  the  molar  series  is  proportionately 
greater  than  in  those  two  species.  These  pecuharities  are  better 
exhibited  by  the  specimens  to  be  described  under  the  next  species. 
Hie  crown  of  the  first  premolar  is  broken  off,  bat  it  is  entire  in  the 
other  fragment  of  lower  jaw*.  The  anterior  accessory  cosp,  wbidi 
is  well  developed  in  M.  nisganthereon^  as  well  as  in  M.  neogasus^  is 
entirely  absent ;  and  the  posterior  is  not  so  well  marked  as  in  these 
two.  The  antero-])Ostcrior  extent  of  the  crown  is  less  than  in  M. 
nuganthereon  f,  Tho  next  premolar  (pm.  4)  slightly  overlaps  the 
carnassial,  and  is  composed  of  a  low  anterior  onsp,  a  deltoid  middle 
lobe,  and  a  bilobed  posterior  cusp,  tlie  snmmits  of  all  these  pointing 
backwards,  as  in  the  Brazilian  and  French  species.  The  antero- 
posterior length  of  tho  carnassial,  like  that  of  the  preceding  molar, 
is  intermediate  between  that  of  the  corresponding  tooth  in  these  two 
species. 

ICicHSBODim  PAJJUHDiouB,  noK  (PL  YI.  figs.  1-4.) 

The  speeiBiciis  jnst  deaaibed  indicate  a  species  oilfoi^aradui  a§ 

large  aa  the  Jaguar but  tho  two  specimens  of  lower  jaw§  which 
have  been  added  to  the  collection  since  Dr.  Falconer's  death,  as  well 
as  tho  two  crania  mentioned  above,  must  have  belonged  to  much 
larger  individuals,  nearly  equalling  in  size  the  Eoyal  Tiger  of 
Bengal. 

One  of  the  fragments  of  lower  jaw  exhibits  tho  symphysial  ex- 
tenaion  downwards  very  weU.    In  the  other  known  apeoiea  of 

Machofrodus  the  extenaion  takea  place  below  the  canine ;  but  in 
M.  i^ahi  indicn^  the  downward  prolongation  of  the  outer  border  of 
the  ramus  takes  place  further  back,  below  the  seeond  false  molar 
(pm.  4).  The  fossa  for  the  reception  of  tho  upper  canine  is  much 
better  defined  than  in  any  other  specie^*.  In  the  JiraziUan,  as  well 
■a  the  French  form,  the  border  of  each  ramus  carves  npwarda  in 
front  of  tho  anterior  premolar,  and  then  downwards  to  meet  the 
symphysial  extension.  But  in  both  the  Sivalik  forms  there  is  no 
such  curvature  :  consequently  the  height  of  the  diastema  (especially 
in  M.  pal'f  iiulims)  between  the  canine  and  the  tirst  false  m(dar  is 
considerably  greater.  This,  coupled  with  the  relative  shortness  of 
the  diastema,  gives  a  very  formidable  look  to  tiie  lower  jaw  of 
Jf.  palorindieut.  As  noticed  by  De  Blainville  in  Af.  meffaniherMnW, 
the  mental  foramen  is  sitaated  further  down  than  in  the  lion  or 
the  Hger.   I  have  observed,  in  addition,  that  there  is,  aa  a  rule, 

*  B.I1L  no.  1(k);')4;  figs.  H,  Sa,  unpubli^hcd  pinto  N  (F.  A.  Siv.). 
t  The  first  premolar  (pm.  3)  is  of  very  Tariable  Mze  in  AT.  neof^tgug ;  and  in 
one  of  thf  gpcciinens  in  tha  British-MtlSoint  coU  'cMdh  it  is  ontin-Iv  nh-ont. 
1  Owen,  oj}.  cif.  p.  178.  §  B.  M.  nog.  -kH^  auU  -idWT. 

I  *  Oitiographio;  genui        p^  130. 
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only  one  mental  fofemea  i  and  this,  or,  if  tiuie  am  two  (aa  in  a 

specimen  of  the  lower  jaw  of  M.  neogemm  in  the  British  ICnaewa 

collection),  the  posterior  of  these  is  situated  in  front  of  aTertioal 
lino  drawn  from  the  front  base  of  the  aiiton'or  premolar;  whereas 
in  the  Lion  or  the  Ti^er,  in  which  lliorc  is  always  more  than  one 
mental  foramen,  the  hiudermoet  is  situated  behind  that  line.  The 
canine  and  the  first  false  molar  are  indicated  by  their  alveoU ;  in 
antero-poaterior  length  the  latter  is  larger  than  the  ooirespondi^p 
tooth  of  M.  meganihereon.  The  next  molar  (pm.  4)  and  the  oar- 
naasial  are  in  sUu,  hut  they  are  both  damaged ;  they  are  about 
the  same  aize  as  the  oorresponding  teeth  in  the  Brazilian  ifo- 
chirrodus. 

The  remaining  specimens  consist  ot  tiic  posterior  portion  of  a 
alroll*  and  a  nearly  entire,  bat  mntilaited,  eraainrnt,  whioh  haa 
been  a  good  deal  ornihed* 

They  present  the  following  peculiarities  : — 

1.  The  facial  portion  is  considerably  less  in  length  than  the 
cranial.  This  is  a  peculiarity  coiumon  to  the  other  species  of  Ma- 
chffrodus^  and  also  to  the  Felts  cristatu  of  Falconer,  which,  as  noticed 
by  that  learnod  comparative  anatomist,  is  the  only  largo  feline 
animal  that  presents  tiiis  Hynnoid  oharaoteristic. 

2.  The  sagittal  crest,  which  is  very  prominent,  slopes  gradnalljr 
in  front  up  to  its  point  of  biftuoation.  Thia  ehttBcteriatie  ia  alao 
shared  by  the  other  two  species  of  Marh'TrOfhtSy  and,  it  is  interesting 
to  observe,  by  Fi  lis  criaUUa  and  grandicristata  (?)  alone  of  all  the 
larger  forms  of  Felis. 

3.  The  zygomatic  process  of  the  squamosal  is  prolonged  yerticaUjr 
downwards  so  as  to  fonn  a  strong  and  stent  pedicel,  separated  liy  A 
narrow  valley  from  the  mastoid. 

4.  The  mastoid  portion  of  the  periofcic  is  of  much  greater  extent, 
and  is  prolonged  fiurther  downwards  than  in  either  the  Lion  or  the 
Tiger. 

6.  The  occipital  crest  is  very  high. 

The  fallowing  measurement  of  M,  meganihereon^  and  also  of  the 
bonee  of  the  aknll  and  the  upper-jaw  teeth  of  M,  neogcnts^  have 
been  taken  from  thebeautii^l  figures  in  De  Blainville's  Atlas  :t ;  ^he 
measurements  of  the  lower  jaw  of  the  last  species  have  been  tahttl 
from  two  specimens  in  the  collection  of  the  British  Musenm 

*  B.  M.  no.  d9728;  figs.  1,  la,  lb,  Ic,  unpubU^hod  pi.  N  (F.  A.  Sit.). 
t  B.  11  no.  38729:  flgi.  2, 2a,  Ae.,  nnpttUished pL  If  (F.  A, 8iT.> 
t  OiUographii^Atlss,  genus       pis.  xnL  sad  SI. 
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Afltoro-poBtnkw  length  of  pre- 
molar 3  (flnt  of  the  molar 
eeriee)  

Antero-poetevior  length  of  the 
Beotonal   

Antero-poaterior  length  of  the 
tnlMiealw   

TrAnerene  kngkh  of  the  tnlMt^ 
Gulw  

Antero-posterior  length  of  pre- 
molar 3  (first  of  the  molar 
seriee)  

Ditto,  ditto  of  pm.  4   

Ditto,  ditto  of  eanuMBial  

Length  from  the  poetorhital 
apophyses  to  tho  bolder  ctf  tho 
indsiTes  .« 

Length  frcnoa  the  postorbitel 
apophyses  to  the  ocnpital  crest 

Moximom  height  of  the  diagtema 
(outer  boraer)  between  the 
canine  and  pm.  .T   ••«..... 

Iiength  of  the  diastema  

Bztrame  hei^t  from  the  base  of 
foramen  magmim  to 


M,  tiw- 
lenna. 

3£,  ntffttti' 
fiiwwii. 

3f.lM^ 

in. 

Ule 

in 

an 

0-4d 

0*575 

07 

1-3 

■«■ 

H 

im 

0-15 

0-276 

0*35 
0-76 
0*95 

0-5 
0-9 
11 

0-4 

0-65 
0-76 

0-925 
M25 

4-26 

4*76 

•  •  • 

6 

4-75 

.  • « 

2-3 
1-276 

W76 
.•• 

ir)76 

1-96 

41 

fWith  regard  to  the  rclatiooB  of  the  SWilik  spedeB  to  M.  cttlirtdent^ 

M.  latidens^  and  M.  paJmidens,  nothing  can  be  mid  nt  present,  as, 
with  tho  exception  of  on  imperfect  Bpecimcn  of  tho  milk-canine, 
neither  this  tooth  nor  the  incisors  of  the  Sivalik  species  have  yet 
been  discoyered.  M.  palmidenSy  however,  could  be  distinguished 
by  tliA  else  and  Ibnn  of  the  two  lower  promolaxt.] 

The  specimen  consists  of  a  cranilim*  deficient  in  tho  fadal  por-> 
tion  in  front  of  the  orbits.  Tho  zyfromatic  nrches,  brain-case,  and 
its  base  .ire  beautifully  preserved.  Tho  specimen  is  not  mentioned 
in  tho  *  Palax>ntolop^cal  Memoirs,'  but  it  is  entered  as  Felis  cris^ 
lata  (T)  ill  the  catalogue  of  the  British  Museum,  and,  as  I  am  iu- 
IbniMd  by  Hr.  BsfiMi  Mies  from  the  BiWk  HOk.  The  dnU 
belonged  to  ifci  aauDfll  oonsiderably  larger  than  Fdk  mtkOa,  and 
of  abont  the  aanie  size  as  the  larger  yarietaee  of  the  Boyal  Tiger. 
The  sagittal  eiest  (slightly  damaged  posterioiiy)  is  vauSk  thi^«r 

•  &  M.  BO.  49176^ 
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and  mOT6  prominent  than  in  Fdia  maCote,  and  stands  yertioally  on 

the  roof  of  the  oeanium.  Its  height  anteriorly  is  six  times  greater 
than  the  corresponding  height  in  the  Tiger.  The  ridges  which 
originate  from  behind  the  postorbital  processes  of  the  frontal  are 
stronger  and  run  obliquely  to  a  greater  distance  than  in  any  other 
large  forms  of  Felis ;  and  these,  instead  of  perfectly  blending  to 
Ibrm  the  sagittal  crests  run  parallel  nearly  as  far  as  the  ocei- 
pnt»  forming  a  nanow  and  shallow  groove  along  the  median  line  of 
that  crest.  The  triangular  valley  included  between  the  frontal 
riidges  in  front  of  the  parietal  crest,  as  well  as  the  frontal  fossa 
between  the  postorbitul  upophyses,  slopes  anteriorly,  as  in  Fills 
cristataj  and  not  posteriorly,  as  in  other  largo  Felidu).  The  depth 
of  the  mesopterygoid  fossa,  as  well  as  the  lenglih  of  tiie  hasieranial 
axis,  is  veiy  neariy  the  same  as  in  the  larger  indiyidoals  of  Tiger ; 
but  the  breadth  of  the  cranium  at  the  zygomatio  aroheo  is  propor- 
tionately much  smaller  than  in  the  latter. 

inches. 

Length  ot  bu^icranial  axis  to  the  anterior  ex- 
tremity of  the  me8opter}'goid  fioasa  ....  6*075 

Depth  of  the  mcsopteiygoid  fossa    1*025 

Extreme  breadth  at  zygomatic  arches   8*125 

Greatest  breadtli  between  outer  Barfeuses  of 

the  occipital  condyles   2*775 

Enrther  evidence  is  necessary  before  the  species  can  be  dearly 
separated  from  cristaia.  If  it  should  prove  a  distinct  species,  as 
I  am  inclined  to  think  it  will,  I  propose  to  call  it  F,  grandicrittaia, 

"Sjxna.  sivalensis,  Falc.  et  Cant.  ?  ct  nob.* 

The  specimens  consist  of  a  toleral)ly  perfect  cranium  and  portions 
of  palate  and  of  upper  and  lower  jaws  f-  These  indicate  an  animal 
of  about  tho  same  size  as  the  living  Indian  Hyaena  (if.  striata).  One 

of  the  specimens  shows  the  incisors  and  the  canine  in  situ,  the 
former  being  much  better  developed  than  tho  corresponding  teeth  in 
the  livini:  Indian  Ifyjcna.  Tho  crown  of  the  second  premolar,  which 
is  proportion.'ilely  lur^^cr  thiiii  in  any  of  the  living  species,  is  formed 
by  a  stout  cone ;  the  anterior  accissory  cusp,  bo  well  marked  in  the 
Hying  Indian  Hyojna,  is  entirely  absent ;  but  the  posterior  accessory 

*  Dr.  Miirchi'^OTi  hoads  the  iiulircs  to  (ho  platos  L  Sc.  M  as  Hi/(r)ia  simlenn* 
(Falc.  &  Cuutl.)  (Pal.  Mom.  vol.  i.  p.  r>4S);  but  in  the  same  page  ho  says: — 

"  Unfortunately  no  account  of  it  is  to  be  found  ajiioup  \)r.  Falooner't 

note-.'.  Tfii-s  sporios  is,  no  doubt,  that  dosifrnatod  IL/tnia  .•<ival(  nsL<  hy  Mossra. 
Baker  and  Durand  in  the  brief  description  given  by  tiiem  in  the  Journal  of  tbo 
Anaiie  Society  for  October  1835,  toL  iv.  p.  fi60.**  If  it  were  80,  the  specifie 
dosifxnation  would  bo  due  t<»  Baker  an<I  Durnnd,  and  not  to  Falconer  and 
Oautle^.  Jiul  1  have  not  mt  t  with  it  anywhere  except  in  tlie  Palicontologioal 
Memoirs,  and  on  the  uupubh^hod  niatcs  L  and  M  or  the  F.  A.  Siv.,  where  ttie 
name  occurs  in  pencil  writinff.  whicli  Mr.  Davies  idojitifiod  as^  Dr.  ^lurchi.son'p. 

t  B.  M.  no».  ;i7l;W.  TiWM,  .'iTiaS,  37i;i'J,  Hk)S3,  1G:)78.  .'iUT.U,  a7141. 
Pigs.  2,  2a,  2A,  2o.  unpub.  K ;  fig.«.  2,  2h,  6,  fw.  7.  la,  8,  ba,  unpub. 
pi.  L  ;  figs.  r»,  i)a,  7,  8,  S»/,  linjmli.  pi.  M.  Tlio  cranium  has  been  refigimdin 
fini.  Mem.  vol  i  figs.  1,  2,  St  4,  pi.  26,  under  tho  title  of  Fdis  crisiata. 
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cusp  is  present.    The  cingulum  is  very  pronounced,  except  pos- 
teriorly, and  swells  antero-intemally  into  a  talon-like  prominence, 
from  which  a  well-defined  ridge  ascends  vp  the  crown.    The  third 
pramolar  diflfian  from  fhe  preceding  In  ite  greater  size  and  in  having 
the  posterior  aoeeiBory  cusp  proportionately  less  developed.  The 
fourth  premolar  or  sectorial  consists,  as  usual,  of  a  blade  divided  into 
three  lobes  and  of  a  stout  trihedral  internal  tubercle,  separated  from 
the  outer  lobes  by  a  deep  valley  ;  the  elongation  of  the  posterior 
lobe  of  the  blade  approximates  the  fossil  to  II,  crocuta.    But  the 
tabereolar  is  etiU  more  highly  devebped  proportionately  than  in  the 
living  Indian  Hysena,  thus  differing  remarkably  frtnn  the  Gape 
Hysena.    This  tooth  is  triangular  and  three-fanged.    In  the  lower 
jaw,  the  fijst  and  second  false  molars  (pm.  2  and  pm.  3)  are  entirely 
devoid  of  the  anterior  accessorj*  cusps  so  well  developed  in  II.  striata. 
The  third  premolar  (pm.  4)  consists  of  a  principal  cone,  a  rudimen- 
tary anterior  aocessoiy  cusp,  and  a  tolerably  well-developed  posterior 
one.  Two  prominent  longitudinal  lidgee,  one  anterior  and  tiie 
other  posterior,  ascend  up  &e  principal  oone  and  divide  it  into  two 
faces,  of  which  the  outer  is  much  more  convex  than  the  inner. 
The  dimensions  of  the  tubercular  part  of  tho  first  molar  or  camas- 
sial  are  intermediate  between  those  of  the  corresponding  part  in  the 
striped  and  the  Cape  Hyaenas.  The  accessor^'  cusp  at  the  inner  and 
poetorior  part  of  the  haae  of  that  tooth  ia  either  entireljr  abwnt  or, 
if  present  quite  rudimentary,  thus  differing  remarkably  from  flie 
living  Hyaena  of  India,  and  approximating  to  Hyoena  crocuta. 

The  large  tubercular  molar  of  the  upper  jaw  in  the  fossil  under 
examination  differentiates  it  from  H.  spelcea  and  the  allied  species, 
or,  rather,  varieties,  II,  itUermedia  and  //.  Ferrieri*.  It  is  distin- 
goished  tsom  ff.j^ritM  and  JST.  arvemenm  hy  the  ahaenoe  of  the 
anterior  aeceaeory  eoepa  in  the  premolars  t.  The  antero-posterior 
length  of  ihe  upper  tubeienlar  in  iT.  hipparionumt  is  proportion, 
ately  much  greater.  H.  eanmia  §  is  separated,  by  the  presence  of 
premolar  1  in  the  lower  jaw«  from  all  other  known  species  of 
Hyaena. 

In  its  general  outline  the  afcnll  reiemhleB  that  of  Jff,  striata.  As 
bk  the  la&r,  the  hrun-eaee  is  swollen  behind  and  not  laterally  com* 
ptessed  as  in  A  troeuta  or  its  allied  fossil  II.  »pdcea.   The  lagittal 

crest  is  very  well  marked,  Tho  lamMoidal  crest  is  not  so  much  re- 
flected back  at  its  apex  as  in  //.  spdaa.  The  postglenoidal  pro- 
cesses are  very  stout  and  strong.  The  postorbital  processes  of  tho 
frontal  are  very  well  developed,  and  are  proportionately  longer  than 
in  any  other  known  species. 

It  wiU  be  seen  from  what  has  been  said  that  while  in  certain 
characters,  as  in  the  form  of  the  skull,  tho  dimensions  of  the  upper 
tubercular,  &c.,  H,  aival^isit  comes  near  to  the  most  primitive  of  the 
three  living  species  of  Hyaena,  in  certain  other  characters,  and 

*  W.  Boyd  DawlriM,  'Nat.  Hist.  Eey.'  1866. 

t  Blainrule,  'AtL  d'0*<t.'  gen.  Hy^m,  nl.  viii. 

1  GerraU, '  ZooL  et  Pal.  Pr.'  p.  ''2\'2,  pi.  xii. 

i  Qaadij, '  Aaim.  torn*  ct  GmL  de  TAttique,'  p.  62,  pU  xii»  liii^  liT* 
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notably  in  the  abeenoe  or  osfcNmely  rudimentary'  character  of  ttii 
pootero-intomal  banl  dontioiile  in  the  bwer  eaTiiaeeiiil,  as  well  at 

u  the  entire  absenoe  of  the  anterior  acfleeaoiy  onspa  in  the  npper 

and  the  first  two  lower  premolars,  it  approximates  to  the  most  difr 

fereiitiate<l  ft)rm,  now  represented  by  the  Caj^e  Hyaena.  No  other 
species  of  Hyajiia  is  known  in  wliich  there  is  such  a  remarkable  oom* 
binatlon  of  characters  shaded  by  such  diveigent  forms. 

Length  from  oedpital  eendyle  to  the  front  ef  the  haae 


of  the  canine   • , .  7*565 

Height  of  occipital  crest  from  haae  of  foramen  magnnm  £*175 

Upper  jaw — 

Antero-posterior  length  of  alveolus  of  premolar  1  . .  0*176 

Minimum  ant.-post.  leugth  of  premolar  2    0*65 

Mazimnm  ant.-poat.  length  of  premolar  S  ........  0*775 

Minimvm  ant.-post.  length  of  premolar  3    0*675 

Maximnm  ant.-past.  length  of  premolar  3    0*875 

Minimum  ant.-post.  length  of  sectorial    1'176 

Maximum  ant.-post.  length  of  sectorial   1*4 

Transverse  length  of  tubercular    0*55 

Height  of  the  orown  of  ineisor  1   0*25 

Height  of  the  orown  of  ineiaor  2   0*8 

Height  of  the  orown  of  oanine   0*875 

Lower  jaw — 

Antero-postorior  length  of  premolar  2    0*575 

Aiitero-poHterior  length  of  premolar  3   0*76 

Antero-posterior  length  of  premolar  4   0*8 

Minimnm  ant.-poat.  length  of  oamassial . .  •   1«05 

Mazimmn  ant-post,  length  of  oarnaaiial   1*1 


Htjuta  nuKA,  nob.  (PL  YI.  4g.  6,) 

The  history  of  the  specimen  *  on  which  thia  ipedea  la  founded  ia 

thn  'Aw^n  in  the  '  Paltcontological  Memoirs *f  m  the  index  to  the 
unj.uhli.^hed  plate  T\  (headed  F<  Iis  cristatn  by  an  error),  in  explanation 
ot  thr  tiguies  1,  la,  l/>,  ic : — "  Four  different  views  of  an  imperfect 
eruiiium  from  JU.r,  \V.  Ewer's  coUcction.  The  left  maxillarj-  bono 
with  the  teeth  ia  ofaeent  i  hnt  the  portion  was  found  after  the  draw- 
ing was  madoi  ftnd  haa  been  added  to  the  specimen  in  the  Britii^ 
Museum." 

Dr.  Falconer  entered  llic  left  maxillary  bono  alluded  to  hero  as 
belonging  to  Ilijona  in  the  Briti.sh-Muscum  Catalogue.  The  skiiU 
as  it  now  stauds  is  deticient  only  in  the  zygomatic  arches,  and  evi- 
dently belongs  to  an  aged  individual.  '  The  facial  portion  has 
suffered  a  crush  anteriorly,  and  is  slightly  distorted  in  oon&equence, 
'1  hi  iFi«  isors  have  been  removed.  The  crown  of  the  canine  haa  heen 
broken  oM",  but  its  base  shows  it  to  have  been  proportionately 
stronger  than  the  corresponding  tooth  of  Hyapna;  this,  however,  may 
be  an  individual  variation.    There  is  no  UidiciAtian  whatwer  of  the 

.*  B.M.na  15002.  t  CSpLd^.voiLp.648. 
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ol  pranolar  1,  which  ii  ad  oonitant  in  all  known  species  of 
Hycena^  living  or  fossil ;  and  the  canine  is  separatod  by  a  short 
diastema  from  premolar  2  (first  of  tho  molar  series  in  the  fossil). 
This  tooth  is  two-fanged,  and  lesembles  the  corresponding  tooth  of 
Hyam  i&  ill  djiawMMiii,  ■■  maif  be  judged  by  its  base,  the  evowii 
iMmg  Imdwn  oit  'The  leoand  false  molar  too  (pm.  8)  is  in  form  and 
size  hjsenoid.  The  seotorial  is  proportionately  laiger  than  in  the 
living  Indian  Hyaena,  and  is  provided  with  a  very  strong  and  stout 
internal  tubercle.  The  alveolus  of  tho  tubercular  mol.ir,  preserved 
on  tho  right  side,  is  situated  as  in  tho  Felida),  and  shows  that  tooth 
to  have  been  transverse  and  €xc€€di)u/l>/  smallf  thus  differing  from 
ff*  ^ntOa  end  IT.  tiuaUntU,  The  sagittal  oreet  is  very  prominent 
and  quite  HysBne-like,  gently  sloping  on  the  aides ;  hut  the  ood- 
pital  tnrest  is  proportionately  higher  than  in  any  other  species  of 
Hycena,  The  specific  name  pivcn  to  tho  foFisil  is  based  on  the 
approach  it  makes  to  feline  organizutiou,  especially  in  the  entire 
abeence  of  premolar  1  from  tho  upper  jaw. 

Ill  tte  following  meeiiirementB  tiie  skull  of  the  liring  Indian 
HynnA*  niMted  £r  wmperison  io  elitOeniiller  tiian  thefbsailt— 

J^<Ma  Living 
Jmntt  IndisnHiniai 

innfani.  Snohts. 

Length  from  tho  postorbital  apophyses  to  the 

border  of  tho  incisors                             5*0  4*175 

Length  from  the  postorbital  apophyses  to  the 

SQiumit  of  m  occipital  oteet                 5*41  6*S 

Hd^t  tA  the  snpfaoompitBl  from  the  top  of 

foramen  magnum                               1*875  1*26 

Length  from  the  posterior  extremity  of  the 

basicranial  axis  to  tho  hinder  end  of  tho 

palate                                               332  3-425 

Length  firom  this  point  to  the  hinder  holder 

MtfaeeLTeelitaofineisor  1                    4*876  4*16 

Lengtti  from  the  anterior  end  of  tho  base  of 

tho  canine  to  Uie  poeterior  end  of  the 

sectorial   3-8.5 

Length  occupied  by  the  molars                      2*82  2-375 

Upper  jaw — 

Intero-postecior  lengOi  of  canine  at  its  hose  0*76  0*676 

„         „        ^premolar  2  . . . .    0-575  0-526 

„         „             „      8  . . . .    0-775  0-775 

„         „        seotorial              1-35  107 


BiTBRn,  nob. 

The  specimens  consist  of  a  mutilated  cranium  with  tho  third 
premolar  (pm.  3),  tho  sectorial,  and  the  two  tuhcrculate  molars  of 
both  sides  in  situ,  and  a  ])<)rtion  of  the  upper  jaw  containing  the 
sectorial  and  the  first  mular.    On  the  authority  of  the  *PaliB0n- 
*  B.  M.  no.        c.    It    from  tho  ^'orthem  Ciroars. 
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tological  Memoirs**,  these  haTe  been  labelled   GMi^'' 1»at 

note  of  interrogation  added. 

The  skull  indicates  an  animal  of  nearly  the  same  size  aa  the 
Civet  ( V,  civetUi).  The  third  premolar,  which  is  proportionately 
larger  than  the  ooResponding  toiolli  in  the  latter,  oonnsta  of  a  stout 
triansnlar  mwn^  and  preaenti  no  divirion  into  aeoesaory  lobea  ante- 
riorly or  posteriorly.  The  cingolum  ia  well  pronounced,  and  sends 
up  a  ridge  anteriorly,  which,  meeting  with  its  fellow  from  behind, 
divides  the  crown  into  two  parts,  of  which  the  external  ia  much 
more  convex  than  the  internal.  The  sectorial  is  like  the  corre- 
8]X)nding  tooth  in  the  Civet,  but  proportiouuioly  larger.  The  ante- 
rior of  the  two  lobea  into  wfaioh  its  blade  ia  divided  ia  thiok  and 
oonical,  with  a  small  accessory  lobule  in  frout,  and  is  mapped  off  by 
a  notch  from  the  posterior  lobe.  The  internal  tubercle  is  stout  and 
strong,  and  separated  by  a  deep  valley  from  the  outer  lobes,  as  in 
the  Civet.  Tlie  first  tubercular  is  triangular  and  tricuspid,  and  is  a 
little  larger  than  the  corrc8X)ouding  tooth  in  that  species.  The  two 
aubcqual  outer  oospa  are  groond  down  into  flattened  ereaeent-ahmd 
didm ;  and  the  inner  cusp  is  separated  from  them  by  a  deep  pit.  The 
aeoond  tubercular  is  proportionately  longer  laterally  and  nanowcr 
antero-posteriorly  than  the  corrcspondinjj;  tooth  in  the  Civet. 

There  are  only  three  other  fossil  speeies  of  Viverra  which  have 
been  made  out  with  any  thing  like  certainty,  viz.  V,  antiqiui  and 
F.  emUt  of  De  Kainvide  and  F.  ionmmmuk  of  Lariat.  The  last 
two  are  known  by  their  lower  jawa  only,  so  fliai  I  am  not  in  e 
position  to  compare  them  with  the  preeent  fossil.  It  is  rcadUy  distin- 
guished from  v.  antique  by  the  proportion;it(  ly  smaller  size  of  the 
tooth,  especially  of  the  hindermost  tubercular,  in  the  latter  species  t. 

In  the  following  measurements  the  skull  of  the  Civet  selected  for 
comparison  is  a  little  larger  than  the  fossil : — 

I«i«tl.  ihoi  Uie  pMtorior  «ztreii>il7  «(  the  ^^^^ 

basicrauial  axia  to  the  anterior  eactremity  iuchm.  mches. 

of  the  palate   4*55 (?)  d'l 

Length  from  the  anterior  extremity  of  pm.  3 

to  the  posterior  extremity  of  m.  2   ....  1-4  1*25 

Upper  jaw — 

Anteroposterior  length  of  premolar  8 . . .  •  0*4  0*82 

Maziniiun  transverse  diameter  of  ditto ....  0*2  0*2 
Antero-posterior  diameter  of  the  aeotorial  at 

the  base  (outer  border)   0*6  0-5 

Height  of  internal  tubercle  of  sectorial    . .  0*2  0*2 

Transverse  diameter  at  base  of  m.  i   0*5  0*45 

n           „           m.2   0*4  0*3 

Antoro-poBterior  diameter  of  ditto    0*2  0*25 

*  VoL  i  p.  loS.  Mr.  DAvies  had  originally  labelled  the  skull  "  Viverra," 
It  Is  figared  in  an  tinpablidied  plate  (figs.  1,  la,  \h,  and  3,  pi.  Q).  B.M. 
nos.  40183  and  40180. 

t  Oerrais,  'ZooL  et  Pal.  Er.'  p.  223»  pi.  2d;  Da  Blainv.  AU.  d'Ott.  (gen 
Viverra)t  pi.  xiii. 
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Lmatk  PALXEHBOOi,  Fale.  efc  OantiL  et  nob. 

A  speoimen  of  eraaiim  (B.  K.  no.  87161%  deficient  in  the  zygo- 
matic  arches,  and  another  of  the  lofwer  jaw  (B.  M.  no.  37152)  are 
80  named  in  the  index  to  the  nnpnbliahed  plate  L  of  the  *  Fauna 
Antiqua  Sivalensis  The  craninm  shows  tiie  alveoli  of  the  three 
incisors  and  the  canine  (on  each  side),  and  of  the  three  anterior  false 
molars  (of  the  left  side).  The  sectorial  and  the  tubercular  of  this 
side^  as  well  aa  the  lower  eamaarial,  are  in  eite. 

In  the  number,  fbnn,  and  disposition  of  the  teeth  the  fomSl 
agrees  very  closely  with  the  living  Indian  Otter  f ;  but  the  skull  of 
the  fossil  is  smaller,  and  the  toctli  proportionately  larger.  The  brain- 
case  is  broader  and  higher  iu  the  fossil  than  in  its  living  represen- 
tative.  But  the  most  characteristic  feature  iu  the  fossil  skull  is  the 
form  of  the  forehead.  In  the  common  as  well  as  in  tilie  Indian 
Otter  the  frontal  nanowe  from  belund  the  postorbital  proeeii,  in 
the  shape  of  a  triangle,  up  to  its  junction  with  the  brain«ea8e 
proper :  but  in  the  fossil  the  part  between  the  postorbital  processes 
of  the  frontal  and  the  cranial  cavity  h  wider  and  is  of  uniform 
breadth  throughout,  so  as  to  be  quadrangular  instead  of  triangular. 
In  this  respect  the  fossil  resembles  a  peculiar  form  of  Otter  described 
by  Gray  aa  J^tirtmeetis  t  >  bnt  the  orbit  of  the  latter  is  searody 
defined  behind. 

LtUra  Bravardi  (with  whieh  Gervais  §  and  Pictct  ||  incorporate 
L.  elevaris  and  L.  cUrmontenst^  %)  and  especinlly  the 

latter,  are  considerably  larger  than  the  Sivalik  fossil.  The  tuber- 
cular is  squarer  in  L.  Bravardi  than  in  either  the  living  or  the  fossil 
Indian  Otterft.  L.  affinU  isyer^ like  the  eomnum  European  Otter 
(L,  vuXgarii^t  and  thns  readily  dutinguBhed  from  the  fossil  under 
eRraminafekm  XX*  LtOra  nvinc 

palaindiea,  IndiaiiOltta. 

Length  from  the  posterior  extremity  of  the  indi.  inofa* 
basicranial  axis  to  the  anterior  of  in- 
cisor 1,  taken  as  modulus   1*0  1*0 

Height  of  oeo^t  fkom  tiie  top  of  foramen 

magnum   0'261  0'189 

Greatest  breadth  of  the  surface  of  brain-eaie 

opposite  mastoid  processes   0*587  0*466 

Minimum  breadth  of  frontal  behind  it  s  post- 
orbital  processes    0*216  0*141 

Breadth  of  eranium  at  these  pHieesses   0*251  0*209 

Gresftestbeig^of  lower  jaw  below  eamaasial  0*139  0*11 

•  Pal.  Meiu.  vol.  i.  p.  552.  The  sj^oimons  have  boon  rcfigurod  in  pi.  xxvii. 
(fiea.  .')  <t  7)  of  Pal.  Mem. 

T  The  skull  of  the  Indian  Otter  I  hftTO  had  for  oomparison  eoOMi  from 
Madras,  B.  M.  no.  1G08  a. 

1  'Catalogue  of  the  Oamivora,'  p.  107.  It  maj  be  noted  that  in  theabiaiiee 
of  tne  oontraction  of  the  frontal  behind  the  orbits,  wrll  as  the  proportion- 
ately greater  canaoity  of  the  brain-coac,  the  fossil  approache.s  the  Polecats. 

i  ZooL  et  PaL  Fr.  p.  248.  ||  Traits  da  Pal.  tom.  i.  p.  210. 

BlainT.  Ost^ogmphio  (gen.  MuMa%  p.  52,  pi.  xir. 

**  Blaiar.  op.  cit.  pL  xiv.  ft  Gervais,  op.  cit,  pi.  zxrii*  fig.  6b 

H  Gvrvaii^  op.  cit.  244 
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p.  V*  KME  ON  FOatn  OABXIYORA 


Lufra  Living 

folcnndica.  Indian  Otter. 

Upper  jaw—  inch.  inch, 

liength  occupied  by  fhe  SooSson  on  eadi  side  0*077  0*061 

„  molars  and  MmJnoi    0*385  0*343 

Antero-posterior  lengih  of  canino   0-084  0*061 

V         »  aeotoiial  (outer 

border)    0-127  0-111 

Maxiinum  trausvorso  diameter  of  tubercular   0-127  0-111 
Aiiten>-pOBt«rior  length  of  tabenmhr  (oater 

bolder)    0*09  0*084 

Lower  jaw- 
Length  occnpicfl  by  the  molar  scriofl    ....    0-30  0*343 
Antero-posterior  length  of  camassial  ....    0*146  0*14 

n%e  lengtii  taken  as  modtiliu  in  the  ftbore  measttianents  Is 
8*675  inehes  in  the  Ibasil,  and  4*076  inohes  In  the  UTing  Indian 
Otter  selected  for  comparison.  The  absohite  measoiementi  osii  he 
dedttoed  from  this.] 


CUins  mm^LkXQg,  neb. 

The  spedmen  consists  of  a  cranium  deficient  only  in  the  xygo* 
tnatio  arches  and  in  tho  anterior  portion  of  the  palate.    The  lower 
jaw  of  the  left  side  shows  the  three  hinder  premolars  and  the  first 
two  molars  in  sifv,  and  tho  alveoli  of  the  first  premolar  and  tho 
last  molar.    The  lower  jaw  of  tho  right  side  is  broken  off  posteriorly, 
hut  b  more  eomplete  in  front  than  its  IbUow  of  the  left  side  and 
■hows  the  base  of  tiie  canine.    Ihe  eranium  has  suflfored  from  a 
croshf  and  has,  in  consequence,  been  somewhat  flattened  anteriorly ; 
bttt  no  distortion,  at  least  to  any  considerable  extent,  has  taken 
place.     Tho  cranium  was  briefly  described  and  flgured  by  Messrs. 
Baker  and  Duraud  in  the  Journal  of  the  lioyol  Asiatio  Society  of 
Bengal  for  1836*.    By  comparing  it  with  one  of  ft  liting  Indian 
Fox  (with  which  the  fossil  is  most  dosely  allied),  those  able  pal»- 
ontologists  found  tbat  tho  fossil,  while  an:reeing  generally  With  the 
latter,  differed  from  it  in  the  grenter  breadth  of  the  brain-case,  the 
height  and  thickness  of  the  lambdoidal  crest  at  the  summit  of  the 
Bupraoccipital,  the  greater  concavity  and  size  of  the  postorbital  pro- 
cesses of  the  frontal,  and  the  closer  approximation  of  the  false 
molars  in  the  upper  jaw ;  hat  they  did  not  notice  the  IbUowing 
important  peonliarities  of  the  fossil,  nor  did  thsy  give  it  any  speddo 
name : — 

(1)  In  all  Canido^,  and  more  or  less  in  all  other  Camivora,  tho 
basifacial  axis  is  parallel  to  tlic  basicranial  axis  :  but  in  the  fossil 
now  under  examination  the  palate  makes  an  angle,  though  a  very 
open  one,  with  the  base  of  the  cranium,  somewhat  as  in  the  Babbit. 
Ttk^  specific  name  is  derived  from  tiiis  the  most  characteristic 
feature  of  the  fossO. 

*  This  description  haa  boon  quulcd  in  llic  Pal.  Mem.  vol.  i.  p.  941. 
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(2)  The  rami  of  the  lower  jaw  are  not  so  much  oompreased  as  in 
the  living  species  of  the  Canids. 

(3)  Each  ramus,  instead  of  being  straight,  forms  an  arc  of  a  circle 
between  the  angle  and  tbe  mandibular  symphysis. 

(4)  As  in  the  upper  jaw,  the  premolais  in  the  lower  jaw  also  m 
closer  together  than  in  the  Fox. 

(5)  The  internal  tuberde  of  the  sectorial  is  stouter  than  in  tha 
Fox. 

(6)  The  upper  tnbcmolars,  especially  the  hiudormost  cue,  ate  pro- 
poraonately  larger. 

Messrs.  Baker  andDnzand  noticed  a  peculiarity  about  the  frontal 
ridges,  that  these,  starting  fimm  the  rear  of  the  postorbital  apophyses, 
"  converge  towards  the  occiput  in  a  curvilinear  directioD,  until  the 
distance  between  them  Ls  reduced  to  about  half  au  inch,  after  which 
they  run  nearly  parallel  for  some  distance,  and  then  conyerge  again, 
till  fheyuiito  near  the  oooipat  and  beoome  blended  wiHL  the  parietal 
ereefe."  I  find  this  peoidiarity,  which  ia  absent  in  the  European 
Fox,  well  marked  in  both  tihe  specimens  of  the  Bengal  Fox*  (Canis 
henffdUntu)  I  hayo  had  forcompazison,  as  well  as  in  the  Fennecsf, 

Oasis, sp.?  (PL  TL 4g8. 7-^.) 

One  of  the  two  posterior  parts  of  lower  jaw  t  on  which  this 
species  is  founded  was  labelled  by  Dr.  Falconer  as  ^'  Et^ydrwdim 
ttidin  a  memorandum,  published  in  the '  Palocontol(^cal  Memoirs 
he  gives  the  measurements  of  the  teeth  and  compares  them  with 
those  of  the  Olter.  The  carnassial  and  the  tubercular  following 
it  are  in  situ  ;  but  behind  the  latter  there  is  a  diiitinct  alveolus  for 
a  small  molar,  which  nmsthaTe  escaped  the  attention  of  Dr.  Falooner. 
This  tooth  is  tn  stto,  though  partially  damaged,  in  the  otiiier  frag- 
ment, which  is  exactly  similar  to  the  one  supposed  by  Dr.  Falconei' 
to  belong  to  his  Enhi/driodon.  The  specimens  !  indicate  an  animal 
of  the  size  of  the  Wolf ;  and  the  form  of  the  teeth  is  exactly  as  in 
that  animal.  On  comparing  the  two  fragments  with  the  lower  jaw 
of  the  liying  Indian  Wolf  ^  from  the  oeteologicul  collection  of  the 
British  Museum,  the  rami  are  found  to  be  higher  and  thiduir  and 
tile  teeth  proportionate  ly  ^maSkit  in  the  &snl.  These  differences 
are  exhibited  by  the  f oUowiog  measurements : — 

Living 
CSMiisp.?    Indian  Wolf, 
indk  inch. 
Ani-poei.  length  of  the  oamassial ....« .  0  05  1 

„  „  molar  2    0-425  0-475 

TTcigrht  of  ramus  below  carnassial   I'l  1*025 

Thickness  of  jaw   O-o  0*4 

These  differences  may  be  only  varietal ;  but  it  is  hij^lily  probable 
that  further  evidence  will  establish  the  distinctness  of  the  present 
form ;  in  which  case  I  propose  to  call  it  C.  Cauileyi, 

«  B.  M.  iKM.  174  A  and  174».  t  B.  M.  not.  182c  and  816a. 

;  B.  M.  no9.  40181  and  101.^2.  §  Vol.  i.  p.  337. 

I  ThMo  have  boon  labelled  as  "  Canu^ "  by  Mr.  Daries. 
f  •* Luptu paUiptt"  m  Ofay's  Oitaloguc.  Ko.  164  g. 
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EXFLANATION  OF  PLATB  TL 

Vlgp.  1-4,  Macharodus  palitindinis,  sp.  nor. 

1.  Inner  new  of  anterior  portion  of  lower  jaw. 

2.  Outwp     ff  MM 

3.  Front     m  u 

4  Outer     „     posterior  „ 

5.  Upper  dMiduom  dentitioii  of  Maelmnim  ripalmHt. 

6.  Hyctna  fclim,  ep.  nov. 

7-9.  dmmtts!^  f^ngments  of  lower  jaw. 
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^12.  On  the  Oligockxk  Steata  of  the  Hamtshirk  Basin.    By  Prof. 
JoBir  W.  JvsD,  f  JLS.,  See.  G^.  (Bead  f  ebmaiy  4, 1880> 

[PukraTO.] 

« 

00!(TBAT8.  FlM 

I.  Ihtrodiietioii   m 

II.  Hifltory  of  Preyious  Opinion   l.'JO 

ILL  8tratigniuhical  Evideno©   142 

IV.  PalxGontologiml  Evidonce    I  ki 

V.  Correlation  of  tin-  Strata  with  Foreign  Depotite   I'jO 

VI.  Subdivisions  and  Notnonclature  of  the  Series    l<o 

VII.  Xhicknees  of  the  ^Lratu  aud  their  Developmeat  in  diifcreut  Areas  iOU 

ym.  OoBdmioa    ITS 

I.  IifTRODUcnojr. 

Tttere  are  perhaps  few  portions  of  the  series  of  British  strata  which 
have  attracted  so  large  a  share  of  the  attention  of  fi:eolopst3,  both 
in  this  country  and  abroad,  as  the  lluvio-marinu  formation  whicli 
constitutes  the  liigheut  member  of  the  Tertiarie^  of  the  Hampshire 
binn.  When  we  remeHiber  the  nnmenras  memoin  whieh,  sinoe  the 
eommencement  of  the  present  oentuy,  haye  heen  devoted  to  a  descrip- 
tion of  these  strata  and  of  their  fossils,  it  might  well  be  supposed 
that  little  can  remain  to  be  done,  either  in  working  out  the  order  of 
succession  of  the  beds,  or  in  determinin;::  their  rohitions  to  the 
deposits  of  other  areas.  That  such  is  not  the  case,  however,  I  shall 
haye  occasion  to  show  in  the  memoir  which  I  now  submit  to  this 
Society ;  and  it  may  be  well  that,  at  the  outset  of  this  inquiry, 
I  should  briefly  indicate  the  difficulties  which  beset  the  study  of  this 
particular  formation,  and  the  causes  which  have  led  to  the  serious 
discrepancies  of  opinion  concerning  the  mutual  relations  and  the 
geological  ai^e  of  the  strata  which  compose  it. 

Among  the  difiiculties  which  confront  the  investigator  of  the  order 
of  soeoessioii  in  Uiese  flity«>*miriae  stntta  of  the  Hampshire  basin, 
themostserionsis  foondin  thetendeney  shown  by  the  yaiions  mem- 
bers of  the  formation  to  undergo  rapid  variations  in  mineral  cha- 
racters within  short  distances.  As  in  the  AVealden  and  other  similar 
deposits  formed  in  doltiis,  so  here,  wo  find  the  whole  mass  of  strata 
made  up  of  lenticular  patches  of  sediment  dovetailin*;;  into  one  another 
in  the  most  complicated  manner ;  so  much,  indeed,  is  this  the  ca.se, 
that  we  seldom  disooyer  any  bed  in  the  whole  formation  exhibiting 
such  persistency  of  eharaeter  as  to  allow  of  its  being  traced  over  any 
considerable  area.  Hence  the  art  of  the  gecdogical  surveyor  and 
map-maker — which,  in  dealing;  with  the  more  uniformly  deposited 
marine  strata,  often  affords  such  valuablo  aid  in  raakinpj  out  the 
order  of  succession  of  beds — is  here  comparatively  useletis.  And 
the  porplexitieB  of  the  geological  surveyor  are  greatly  increased 
by  tbe  faet  that  all  over  the  northern  hidf  of  the  Isle  o!  Wight  and 
tho  New  Forest,  where  these  strata  are  developed,  thick  superficial' 
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deposits  of  sand  and  gravol  almost  eveiywlicro  conceal  the  under- 
lying Torfciaries  from  our  view. 

iUfthough  additions  to  oni  knowledge  of  the  firana  and  floia  of 
these  beds  have  been  made  by  the  examination  of  such  isolated  ez- 

poeuros  as  aro  to  be  found  in  railway-cuttings,  brick-pits,  quarries, 
and  wcUs,  yet,  in  seeking  to  determine  tho  relations  of  the  several 
beds  to  Olio  another,  wc  are  obliged  to  faU  back  upon  tho  more  ox- 
tcDsivo  and  continuous  sections  exhibited  in  tho  sca-cliifs  ;  and  it  is 
a  fortunate  oiroomstanGe  timt  tiieae  coaat-seotions  are  both  nnmeioiu 
and  well  exposed.  • 

It  may  be  readily  believed,  too,  that  the  frequent  repetition  of  beds 
deposited  under  similar  conditions,  and  therefore  presenting  identical 
mineral  characters,  will  bo  a  fruitful  source  of  error,  unless  the  aid  of 
tho  pala}ontolo|;ist  be  constantly  invoked  to  enable  us  to  identify  tho 
several  members  of  the  formation  bj'  their  organic  remains.  And 
the  geologist  mnsfc  be  prepared  to  avail  himself  to  tiie  faSMi  extend 
of  thereaearehes  of  inveatigaton  of  strata  of  equxvalant  age  In  otiier 
areas,  where  important  light  may  be  thrown  npon  the  order  of  ap- 
pearance of  tho  forms  of  organic  life  which  occur  in  our  own  district. 

In  my  study  of  these  strata,  which  has  occupied  me  during  many 
yeans,  1  have  endeavoured  to  avail  myself,  as  far  as  possible,  of 
those  difibrent  kinds  of  assistance.  Moreover,  in  my  examination 
of  the  positions  and  rdations  of  the  strata,  I  have  been  greatly  aided 
by  the  pnblioation  of  the  admirable  6-incb  and  2&4noh  maps  of  the 
Ordnance  Surrey,  which  supply  us  with  tho  means  of  plotting  the 
cliff-sections  in  a  manner  which  was  not  possible  at  the  time  when 
the  geological  survey  of  the  island  was  made,  when  no  Ordnance 
map  existed,  except  Uio  obsolete  and  incorrect  1-inch  map  of  1810. 
I  will  now  briefly  enumerate  the  oonclusions  to  which  I  have  been 
led  by  tiiese  stacUee. 

Ttie  strata  exposed  at  tho  base  of  Headon  ffill,  at  the  western 
extremity  of  the  Isle  of  AVight,  aro  not,  as  supposed  by  pre^-ious 
ob8cr\-er9,  a  more  repetition,  through  an  anticlinal  fold,  of  tho  beds 
seen  in  Colwell  and  Totland  Hays,  but  aro  on  a  distinct  and  lower 
horizon  than  tho  latter.  These  Headon-ilill  beds  aro  also  found  to 
oontain  a  diflferent  assemblage  of  fiiflsfla  from  that  whldi  charac- 
terises the  Golwell-  and  Totland-Bay  beds.  I  shall  show  that  this 
new  reading  of  the  succession  of  strata  in  the  Hampshire  basin 
harmonizes  much  better  with  tho  order  established  by  foreign  geo- 
logists and  palajontologista  than  does  tho  one  nfiiially  accepted. 
Indeed  it  will  be  made  apparent,  as  the  result  of  this  investigation, 
that  the  sccjuence  of  beds  in  this  country  agrees  most  closely  with 
that  of  the  equivalent  Middle  Tertiary  strata  in  France,  Belgium, 
and  Northern  Germany.  Finally,  it  will  be  proved  that  the  thick- 
n(  :ind  importance  of  this  series  of  strata  is  much  greater  than 
has  liithorto  been  supposed,  attaining  to  not  less  than  i-^OO  or  1)00 
feet  ;  and  it  will  be  shown  to  belong  to  tho  lower  division  of  a  groat 
system  of  strata,  which  is  represented,  both  in  Europe  and  North 
America,  by  deposits  of  enormous  thickness,  everywhere  charac- 
terised by  large  and  distinctive  frranas  and  floras. 
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n.  H18TOBT  or  Pbbvtoxtb  Opnnoir. 

The  foundation  of  our  knowlodgo  of  the  succession  of  the  Tertiary 
ifcrata  in  Western  Europe  was  laid  by  the  publication,  in  the  year 
1808,  of  CaTMT  and  Brongniart's  *  EsBai  gar  U,  Geographie  Hindxalo- 
g;iqii«  des  Envixoiii  de  Pazia.'  It  was  throng^  tiie  itiidy  of  Hut 
work  that  Webeter,  who  had  already  collected  auioh  Tahuuble  topo- 
^aphical  information  concerning  the  beds  exposed  on  the  coasts  of 
the  Isle  of  Wight,  Hampshire,  and  Dorsetshire,  was  enabled  to 
classify  those  fluvio-marine  bedrf,  with  which  we  are  now  particularly 
concerned,  and  to  point  out  their  equivalents  among  the  btrata  of 
the  Paris  basin.  It  would  appear  that  Wobsfeer  fomnd  in  the  Mu- 
seum of  this  Society  a  ooUeetion  of  foasfls  prooored  ftom  Ihe  nslg^- 
bourhood  of  Paris  by  Count  do  Bouoon;  and  on  a  comparison  of 
these  with  the  series  of  organic  remains  which  he  had  himself  ob- 
tained from  the  several  divisions  of  the  Islc-of- Wight  strata,  ho  was 
greatly  impressed  with  their  general  resemblance.  Bo  interested 
was  he,  indeed,  by  this  discovery,  that,  without  waiting  for  the 
advent  of  more  fiivooiaUe  weather,  he  set  out  in  midwinter  to  ze* 
examine  the  Isle-of-Wight  scotioDs,  with  the  aid  of  i^e  new  due 
which  he  had  obtained.  The  result  of  this  investigation  he  gave  to 
the  world  in  his  twelfth  and  concluding  letter  addreescd  to  fiir  Henry 
Englefield  on  February  11th,  1813*. 

Cuvier  and  Brongniart  had  divided  the  Tertiarj'  strata  of  the  Paris 
basin  into  five  groups ;  and  it  was  with  the  upper  three  of  these  that 
Weheter  ccnekted  the  fluvio-marine  beds  of  the  Hampehiie  basin. 
Hence  arose  the  division  of  the  Isle-of-Wight  fluvio-marine  beds 
into  a  "  Lower  Freshwater  Formation  a  ^'  Middle  Marine  Formsr 
tion,"  and  an  "  Upper  Freshwater  Formation  and  this  clasBifica- 
tion  long  held  its  pjound ;  for  it  seemed  to  find  .support  in  the  fact 
that  at  many  points  marine  strata  might  bu  observed  with  fresh- 
water beds  lying  both  above  and  below  them. 

But  subsequent  observations,  espedaUy  those  of  M.  Constant  Pk^ 
vost,  demonstrated  that  the  simple  classification  of  Cuvier  and  Erong- 
niart  did  not  liold  good,  even  for  all  parts  of  the  Paris  basin  ;  while 
Mr.  Prestwich".s  researches  in  this  country  proved  that  "\^'ebatc^  and 
those  who  followed  his  \-icws,  in  seeking  to  bring  into  exact  agree- 
ment the  succusbion  of  beds  in  the  Paris  and  Hampshiro  basins  re- 
spectively, had  confounded  together  deposits  as  distinct  from  one 
another  as  the  London,  Bracklesham,  and  Barton  days. 

W^ith  respect  to  the  fluvio-marine  beds,  however,  Wcbster^s three- 
fold division  long  held  its  ground,  and  was  unhesitatingly  accepted 
by  all  geologists.  The  researches  of  Sedgwick,  Lycll,  liowcrl)ank, 
-ilantell,  and  others  added  many  new  facts  to  tho  stock  of  infonua- 
mation  acquired  concerning  these  beds ;  wlule  the  important  dis- 
covery that  they  contain  a  mammalian  &una  similar  to  that  of  the 
gypeum  of  Ifontmartre  (which  discovery  was  made  by  Br.  BncUand 

•  *  A  Description  of  the  Principal  Pictupesque  Bcftuiics,  Antiquitipp,  and  Geo- 
logical Phenomena  of  tho  Isle  of  Wight,'  by  Sir  Henry  Englefield,  Burt.  (London, 
1816),  p»  220* 
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ia  1825*  and  fuUy  confirmed  by  Mr.  &  P.  Pmtt  in  1835t,  and  by 
Prof.  Owen  in  1841 1),  eBtaUiebed  the  faet  of  their  general  paralleliBin 

with  tho  uppor  portion  of  the  series  seen  in  the  Paris  badn. 

Tlio  lirst  step  towarch  the  roct-'ification  of  the  cla<?sification  of 
the  Huvio-marinc  strata  was  made  by  Mr.  I'restwich  iu  the  year 
1646.  In  a  short  but  very  suggestive  and  valuable  paper  §,  he  showed 
that  at  fiamstead  and  Booldnor  Cliffs,  in  the  Isle  of  Wight,  there 
ocoora  a  series  of  estnarine  and  freshwater  deposits,  which  he  re- 
garded as  overlying  the  whole  flnvio-marine  series,  and  which  con- 
tains, as  he  pointed  ont,  a  fanna  of  distinet  oharaoter  from  that  of 
the  underlying  ])eds. 

Although  many  details  concerning  the  sfvoral  strata  were  ob- 
eerved  and  described  in  succeeding  years  by  Mr.  JSearlea  Y.  Wood, 
Br.  Wright,  and  tiie  Mazohioness  of  Hastiiigi,  both  in  the  lale  of 
Wight  and  on  the  opposite  ooast  of  Hampshire,  while  great  additions 
were  made  to  our  knowlsdge  d  the  reptilian  and  mammalian  fuina 
by  these  and  other  authors,  yet  no  new  stop  in  advance  was  made 
in  the  classification  of  these  beds  till  Edward  Forl)es  turned  his 
attention  to  the  subject  in  the  year  1852.  In  tho  meanwhile  the 
difficulty  of  harmonizing  the  uccupted  classification  of  the  Hamp- 
shire beds  with  the  diTisions  established  by  accurate  obserrers 
in  yarioos  parts  of  the  Continent  was  strikiiigly  iUuatrated  by 
the  discorduit  resnlts  arrived  at  by  such  able  students  of  Terti- 
ary geology  as  Constant  PnSvostlj,  d'Arohiaoif,  Domont**,  and 
Hebcrttt. 

Eorbes's  careful  study  of  tho  relations  of  the  beds  exposed  in  the 
cliff-sections  of  the  Isle  of  Wight,  combined  with  his  thorough  and 
eritioal  examination  of  the  fossils  collected  at  different  horizons, 
enaUed  him  to  establish  two  very  important  points.  In  the  first 
place,  he  confirmed  Mr.  Prestwich's  det<;rmination  that  the  strata 
exposed  at  Hamstead  and  Bouldnor  Cliffs  overlie  and  are  of  younger 
age  than  all  the  other  strata  of  the  tluvio-marine  series.  lor  this 
upper  series  of  strata,  which  ho  showed  to  contain  a  very  distinct 
and  characteristic  assemblage  of  fossils,  Porbes  proxM>8ed  the  name 

*  "Oh  the  Disooverv  nf  An'ypli>''hcrlH,n  rommune  in  the  I.-ilo  of  Wight.  By 
the  Rev.  I  ruf.  \V.  Jluokla.'id, "  Ann.  ot  I'lul.  ser.  2,  Vul.  x.  p.  ^K>. 

t  Koniiirks  uii  » lio  Eii.sUMice  of  the  Atwptfttherittm  an(l  Pataof/tcrium  in  the 
Lower  Fro.-hwutor  Formation  at  Biiisteful,  near  RvtlOi  in  tllO  lato  of  Wigbt.  By 
a.  L\  I'ratt,"  Trans.  Ucol.  .Sue.  ser.  2,  vol.  iii.  p.  4i)l. 

X  "Description  of  somo  Fossil  Remains  of  Ckotrcpofamm^  Palteotherium, 
jMoph'lhi  fi"  III,  anil  DichubuHf  from  the  Eoocnt*  FonnatioD,  Isle  of  Wight.  By 
Frot*.  K.  OwfU, "  TrunB.  Uoul.  Soc.  sor.  2,  vol.  vi.  p.  41. 

§  '*  On  the  Oocurrcnro  of  Vi/iiri»  in  a  part  of  the  Tertiaiy  FrMhwater 
Strata  of  the  lale  of  Wight)"  liep.  Brit.  Assoc  for  1846,  Trans,  of  Sectiona, 
p.  &o» 

n  "Coupe  d'Alura  Bay  et  d'Hcaden-IIill,  dana  I'il©  do  Wight.'  Bull.  Soc. 
Ge<)l.  Frujicc,  t.  viii.  p.  7*5. 

*  "  Note  BUT  lea  Sablea  et  Qths  Mojena  Tertiairca,"  BuU.  Soo.  QeoL  frauce, 

t.  ix,  j).  r»4. 

**  "E«sai  Bur  la  co-unliuatiun  di  Horraina  tcrtiuiresdu  Kord  de  la  Franre, 
de  lu  Bolpiquf,  '  t      I'Ahl'K  tt n  r."  Hull.  .S»c.  (r.'-ol.  France.  1.  x.  jip.  1.">S,  lf>'. 

I  t  "  Cniuj>unu»un  dos  C'ouche4>  tcrliuircb  ini'crieurcs  dc  iu  France  cl  de  I'An- 
gleterre,"  BuU.  8oc  Q6qL  Fnatt,  air.  2,  t  ix.  p.  3SU. 
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of  the  **HempBt6«d  Series'**.   In  the  second  plaee  Forbes  demon- 

Btrated,  by  both  stratif^phical  and  palaont(ili\::ical  cvideDCc,  that 
the  thick  freshwater  limestones  seen  at  licuibridge  Lerlfje  niul  in 
Ilcadon  Hill  respectively,  arc  not,  as  had  been  supposed  by  all  jire- 
vious  writers  on  the  subject,  on  the  same  horizon,  but  that  tho 
former  o£  tbeso  belongs  to  a  much  more  recent  period  than  tho 
letter. 

As  the  result  of  his  observations  of  tho  strata  and  study  of  their 
fowiils  in  1863,  Edward  Forbes  proposed  the  total  abandonment  of 
"Webster's  classification,  and  the  divnsion  of  tlie  fluvio-marine  strata 
of  the  Islo  of  Wight  into  four  series — tlio  Ilcadon,  tho  Osborno  and 
St.  Helens,  the  13embridgc,  and  the  llempBtead-j*.  This  is  the 
elsjwmcstion  whidh  was  adopted  in  the  publications  of  the  Geological 
Snrvey,  and  is  now  generaUy  reoeived  among  geologists. 

Unfortunately,  Edwsxd  Porbes's  life  was  not  spared  sufHoiently 
long  to  enable  him  to  complete  his  study  of  this  important  forma- 
tion. "While  his  observations  on  tlio  three  hijjher  divisions  of  the 
formation  are  vcrv  full  and  detailed,  it  is  evident,  from  an  exami- 
nation  of  Forbes's  posthumous  work,  that  ho  had  been  able  to  devote 
far  less  attention  to  the  study  of  the  sneoession  of  beds  and  the 
fossils  of  the  lowest  or  Headon  series.  With  regard  to  these  strata 
Forbes  maintained,  as  almost  all  prerions  obseirers  had  done,  that 
the  h<  ds  of  Colwcll  and  Totland  Bays  are  on  the  snrao  horizon  as 
those  at  the  base  of  Headon  Hill  and  at  Hordwell  C'litf. 

It  will  bo  seen  that  Webster  made  tho  mistake  of  placing  all 
marine  bands  in  the  fiuTio-marine  formation  upon  one  horizon. 
Ftestwich  made  the  first  rectification  of  this  error  by  proving  that 
the  fiamstead  strata  arc  superior  to  all  the  other  Huvio-mariDe 
strata ;  and  Forbes  followed  in  the  same  direction,  by  showing  that 
the  oyster-l^eds  of  Bembriflgo  arc  on  a  distinct  and  much  higher 
horizon  tliau  those  of  either  Colwell  Ji:iy  or  Headon  Hill.  I 
shall  now  demonstrate  that  the  ColweU-liay  marine  beds  are  not, 
as  has  hitherto  been  supposed,  the  eqtuTalent  of  those  of  Headon 
HiU  and  Hoidwell  €9iff,  bat  that  they  occupy  a  distinct  and  much 
higher  horizon. 

Since  Edward  Porbes's  premature  removal  from  our  midst,  very 
great  and  important  additions  have  been  made  t(»  our  knowledge  of 
the  fauna  and  flora  of  tlie  fluvio-marine  beds  of  tiie  Hampshire  Itasin, 
To  no  onu  do  we  owe  more  for  valuable  additions  to  our  knowledge 
of  the  palnontology  of  this  formation  than  to  the  late  Kr.  Frederick 
E.  Edwards  and  £r.  8.  Y.  Woodt*  who  have  collected  and  described 

*  In  the  dhflies  of  this  name  FofbflS  was  Pinpilarly  unforttniato.  The  iuun« 
of  tlie  fann  near  which  (he  Ixds  nrn  oxpowd  ia  "  Hamstead,"  though  it  is  niif- 
printotl  "  Jloiupt-tiud  "  on  tlie  old  1-inch  map  of  IHlO.  This  name,  uo  it  now 
stands,  is  not  only  quito  unknown  in  the  l^le  of  Wight,  bot  runs  the  riak  of 
being  confounded  with  localitien  in  Essex  and  Jfortfordsliire. 

t  "  On  the  Fluvio- marine  Tertiarieti  of  the  Isle  of  Wight,"  QuarL  Joum. 
OeoL  Soo.  ToL  iz.  p.  259;  "On  some  new  PoinU  in  Brituh  Qeology,"  Bdio. 
New  Phil.  Joum.  vol.  Iv.  p.  !.'f'.n. 

1  '  A  Monograph  of  the  Eocune  Mollusco,  Cephalopoda  and  Gasteropoda,' 
br>.  B.  Bdmudt.  supplemented  by  8.  T.  Wood ;  '  BiTiilTeV  by  &  Y.  Wood. 
Almmtognphical  SoouKy,  1818-1877. 
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80  many  of  tbe  foanb  of  the  Lmm  Teirtfaiy  fennatoM.  Omng  to 
tbmr  laboQfB  and  tliow  of  oHier  iiwteiirflgable  ooUeoton,  tiio  nvm- 
ber  of  known  foonl  foims  from  the  fluvio-marine  beds  ia  at  loaat 
four  times  as  great  as  was  recognized  by  Edvrard  Forbes. 

At  the  Barao  time  the  remarkable  fauna  of  Brockenhurst,  in  the 
New  Forest,  which  was  discovered  by  ^fr.  Edwards,  has  been  care- 
fully studied  by  Yon  Kiiuen*  and  l)r.  Duncan  t,  who  have  shown 
tiie  ozaot  agreoment  of  tfaaa  fauna  with  that  of  tho  Lower  (Higooene 
in  Kortiborn  Gennany ;  while  tho  Bey.  Osmond  Eiaher  j:  and  Mr.  H. 
M.  Jenkins  §  have  reoogniaed  its  idontiiy  with  that  of  oertain  atnita 
in  the  Isle  of  Wight. 

Last,  but  not  least,  must  bo  mentioned  tlie  f^reat  advaiicofl  which 
have  been  made  in  our  knowledge  of  the  faunas  of  equivalent  strata 
upon  the  oontineDt  of  Europe,  especially  those  which  we  owe  to  the 
xeaeaxehoB  of  Deahayes  in  the  Paris  basin,  of  fiondborger  in  tiie 
Hayonoe  basin,  and  of  Homes  in  the  Vienna  basin,  which  have 
sapplied  valuable  means  of  oomparison  between  the  Bnglish  and 
foreign  strata,  such  as  were  almost  wholly  wanting  when  Forbes  was 
engaged  in  the  study  of  the  Islo-of-Wight  beds.  Furthermore,  many 
able  geologists,  among  whom  may  especially  be  mentioned  M.  Hel)ert 
in  France,  MM.  Charles  Mayer  and  Kenevier  in  Switzerland,  MM. 
Bandberger  and  Be^^rieh  in  North  Ctormany,  and  M.  T.  Foohs  in 
Austria,  have  occupsod  themselves  with  the  question  of  the  oona- 
lation  of  the  various  European  Tertiary  deposits  with  great  success. 

Under  these  circumstances  we  are  now  supplied  with  the  means 
for  making  a  much  more  exact  and  rigid  comparison  of  the  strata 
of  tho  Hampshire  basin  with  those  of  the  other  European  areas 
than  was  possiblo  twenfy^fivo  yean  ago.  Foreign  geologists,  who 
have  endeavoured  to  oorrelate  the  British  deposits  of  this  age  with 
their  equivalents  on  the  continent,  have  experienced  tho  greatest 
difficulties,  owin?,  ris  T  believe,  to  tho  succession  of  beds  in  this 
countrj'  having  been  hitherto  misunderstood.  It  is  on  these  grounds 
that  I  venture  to  offer  a  new  elassitication  of  these  strata  as  the 
result  of  researches  which  1  have  carried  oa  for  some  time  past. 

in.  SnUTIOBAFHIOAL  BvDEirCB. 

We  have  stated  tiiat  hitherto  a  serious  error  has  been  made  in 
Heading  the  succession  of  strata  exposed  in  the  cliff-sections  at  the 

western  extremity  of  tlie  Lsle  of  "Wight.  Tho  beds  seen  at  Colwell 
and  Totland  liays  hav(!  been  regarded  ])y  nearly  all  observers  as 
being  upon  the  same  geolngical  horizon  as  those  exposed  at  the  base 
of  Hcadou  Hill,  whereas,  as  i  shall  now  proceed  to  show,  the  latter 
altogether  ondeirlie  the  former.  The  primaiy  oause  of  this  mistako 
oonoeming  the  succession  of  these  bods  is  not  difficult  to  discover. 

•  "  On  tlie  Correlation  of  the  Oligocenc  Doposit,^  of  Belgium,  Northern  Q«r* 
many,  and  the  Suuth  of  England,"  (^uart.  Joum.  GreoL  Soc  vol.  xx.  p.  1>7. 
t  *  A  Monograph  of  Bntish  FomU  Oorak,'  2nd  mriea,  PabBontogmphical 

Six'ietv,  \mi 

I  Quart.  Joum.  Qool.  Soo.  toL  xviii.  p.  67.  footnote, 
§  Quart.  Joom,  QML  8oe.  toL  zzir.  p.  619. 
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Afaaoft  every  geologist  wlio  hai  atofied  tba  Beotaon  in  qTuttioa  liaa 
aaSDined  the  ezifteiioe  ef  a  greefe  entigiiwal  fidd,  of  wluoh  iiie  mm- 

mit  is  supposed  to  be  seen  in  Totland  Bay ;  and  as  the  ofSdKA  of  tliifl 
great  flexure,  the  strata  seen  at  the  base  of  Headon  Hill  are  supposed 
to  be  repeated,  with  an  opposite  dip,  iu  Colwell  and  Totland  Uays. 
The  manner  in  which  this  supposed  anticlinal  is  rep:arded  as  having 
aiiected  the  strata  is  illustrated  in  Prof.  Edward  Forbes's  memoir 
(see  FL  YII.  fig.  1),  and  also  in  fiheeb  47  ef  the  HoiisQntal  SeotionB 
pnhliBhed  hy  the  Qeologioal  Survey. 

The  circumstance  wUoh  seems  to  have  |^ven  rise  to  this  corrcla*- 
tion  in  the  first  instance  was  the  occurrence,  both  at  Culwcll  Itay 
and  at  the  base  of  Headon  Hill,  of  a  band  containing  numerous 
oysters  and  other  marine  shells,  and  es])ccially  characterized  by 
abundant  and  well-preeerred  specimens  of  Cyiherm  inera$9cUa^  Sow, 
Now  ibe  **Teiuie-bed,''  as  it  was  ealled  by  odUeeton,  so  weU  seen 
in  Colwell  Bay,  soon  came  to  be  identified  with  that  at  the  base  of 
Headon  Hill ;  and  the  term  "  Middle  Headon  "  was  applied  to  both. 
At  the  same  time  the  freshwater  beds,  lying  respectively  above  and 
below  these  marine  bands,  were  correlated  with  one  another  and 
termed  "  Upper"  and  "Lower  Headon." 

Bat  Cyihma  tuamsMta,  Sow.,  is  not  by  any  means  ioberegazd^ 
as  an  eminently  eharacteristie  dull  maTlring  a  partioQiar  geoiogiefll 
horizon.  According  to  the  Geological  Sorvey,  it  makes  ito  first  ap- 
pearance in  the  Barton  Clay,  and  ranges  up  certainly  as  high  as  the 
Bombridge  Marls.  As  I  shall  show  hereafter,  the  "  Venus-bed  "  of 
Colwell  Bay  contains  a  very  different  fauna  from  that  at  the  base  of 
Headon  Hill.  A  third  "  Venus-bed "  is  found  in  tho  midst  of  the 
Bembridge  series ;  and  the  failnze  of  geologists,  prior  to  the  work  of 
Edward  Forbes,  to  discriminate  between  this  and  tho  other  "  Yenns- 
beds  "  led  to  the  Headon  sbrata  being  placed  on  the  aame  horizon  aa 
the  Bembridge. 

This  correlation  of  tho  "  "Venus-beds  "  of  Colwell  Bay  and  Headon 
Hill  has  been  productive  of  a  great  amount  of  confiLsion,  as  will 
soon  be  made  apparent  when  we  critically  examine  the  conclusions 
of  diiEesent  anthers  who  have  written  npon  the  snbject.  As  early 
as  tho  year  1821  Mr.  0.  B.  Sowerby  pointed  out  thfU;  the  so-called 
marine  bed  of  Headon  Hill  had  little  claim  to  be  so  regarded ;  for 
tho  number  of  freshwater  forms  found  in  it  is  so  great  that  it  can 
only  bo  considered  as  having  been  dcjiosited  uiulrr  estiKuino  con- 
ditions. Sedgwick,  who  reexamined  tho  sections  iu  tho  loUowing 
year,  seems  to  have  clearly  perceived  tho  points  of  diffarence  between 
the  beda  in  Colwell  Bay  and  in  Headon  Hill. 

Both  Edward  Forbes  and  Mr.  Bristow  appear  to  have  experienced 
the  greatest  difficulties  in  their  attempt  to  correlate  with  one  anotlier 
the  IxhLs  above  and  below  the  "Venus-beds''  of  Colwell  Bay  and 
Headon  Kill  respectively.  ITius  they  found  it  necessary  lo  assume 
that  the  beds  called  "  Upper  Headon  "  at  ColwoU  Bay  havo  suddenly 
expanded  within  a  distance  of  lesa  than  two  miles  from  49  feet  to 
85  feet;  while  tho  thick  beds  of  limestone  which  are  so  conspicuous 
in  tiie  latter  locality  are  entirely  wanting  in  the  focmer.  The  diffi- 
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culties  felt  by  the  geological  surveyors  are  brought  out  very  pro- 
minently if  v>e  carefully  compare  the  several  publications  which  they 
haTO  issued  afc  raooesnve  dates.  Thus,  in  the  seetioiis  prepared  to 
illustrate  the  memoir  published  in  1856*,  48  feet  of  strata,  which 
in  the  t«xt  of  the  memoir  are  described  as  belonging  to  the  Osbomo 
and  St.  Helen's  Series,"  arc  placed  in  the  "  Upper  Ileadon  but  in 
the  sheet  of  'Vertical  Sections,'  issued  in  l^oSt,  the  first  reading 
is  adopted,  while  iii  the  general  memoir  on  the  Islo  of  Wight,  which 
appeared  in  1862t,  a  retam  is  made  to  tliosooond reading.  A  com- 
parison of  these  several  publications  of  the  Gedogieal  Survey  must 
lead  every  one  to  the  conclusion  that,  by  the  assumption  of  the  idcn* 
tity  of  ih(>  inariue  beds  at  Cohvell  Lay  and  Hcadmi  Hill,  the  authors 
of  these  works  had  been  led  into  inextricable  dithcultics  and  confu- 
sion. All  these  dilticulties  are  removed  ■when  we  recognize  the  fact 
that  the  Colwell-  and  Totknd-Bay  beds  altogether  orerlie  those  ex- 
posed at  the  base  of  Heodon  Hill. 

There  are  not  wanting  indications,  however,  that  several  authors 
wore  almost  upon  the  point  of  recognizing  the  tnie  succession  of 
beds  at  the  western  extremity  of  the  Isle  of  AVight.  Thus  Dr. 
"NVi  i^rht,  in  his  admirable  section  of  the  strata  between  Cliff  J'^nd 
and  ileadon  ilill§,  clearly  points  out  that  the  Limno^an  limestone 
of  How  Ledge,  and  the  sandy  rock  of  Warden  Point,  are  distinctly 
rcoosnizable  high  up  in  the  north-eastern  face  of  Headon  TTill, 
This  being  the  case,  if  is  dear  that  the  "  Ycnus-bed"  and  Oyster- 
bands  of  Colwell  Bay,  which  arc  undoubtedly  above  the  Limnapan 
limestone  and  sandy  rock,  cannot  possibly  be  represented  bv  the 
brackish-water  beds  which  occur  just  above  the  sea-level  in  the  same 
part  of  Headcu  Hill.  L'nfortunately,  however.  Dr.  "NVright  did  not 
follow  np  this  important  due  to  the  true  succession  of  beds  which 
he  had  £sooveied,  but  permitted  himself  to  be  earned  away  by  the 
usually  accepted  opinion  that  there  exists  only  one  marine  stratum 
with  freshwater  deposits  above  and  l>elow  it. 

Dr.  Wright's  valuable  observations  were  j>ublished  in  18.")]  ;  and 
in  the  year  following  Prof.  Hebert  declared  his  conviction,  as  the 
result  of  a  personal  examination  of  the  Xsle-of-Wight  sections,  that 
the  Golwell-Bay  beds  are  upon  an  altogether  higher  hoiixon  than 
those  of  Headon  Hill.  Prof.  Hc^ort,  w  hose  exact  aoquaintsnoe  with 
the  liOwer  Tertiaries  of  the  Paris  basin  lends  the  greatest  weight  to 
his  opinions,  pointed  out  that  the  marine  beds  of  Headon  Hill  and 
Hordwtll  Cliif  contain  precisely  the  same  fauna  as  "tlie  upper  fos- 
siiiferous  zone  of  Aiortef outaino,  MonneviUe,"  &c.,  while  the  Colwell- 
^y  beds  agree  in  their  fbssilB  with  the  lower  part  of  iho  f'ontaine- 

*  Mom.  Oool.  Suvv.  'On  tho  Tertiary  Fluvio-marino  Formation  of  tbelde 
of  \^'iKht,'  bv  Prof.  Edward  Forbes,  F.B.a   Compare  plate  10  and  p.  81. 
t  'Verdoal  Seetioiu,  Geol.  Survey,  sheet  2K. 

t  Morn.  Geo]  Surr.  'The  Oeology  oftiie  Iflio  of  Wight'  (sheet  lOy,  hy  H. 

W.  BrUtow,  F.G.S.,  plate  4. 

I  *'AStratigrnphical  Account  of  Ihe  Seetion  from  lUmnd-Tower  Point  to 
jUam  Bay,  on  the  North-west  Coaut  of  the  Islo  (1  ^^  i-ht,  '  by  Dr.  T.  Wri-ht, 
Ann.  and  Mag.  Nat.  Uiat.  eer.  2,  voLvii.  p.  14,  and  l^roc  Cotteiwold  2sat, 
Clubi  vol  i.  p.  87. 
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blcau  Sauds.  Hence  the  distiDguished  French  geologist  argued  that 
Colwell-Bay  bads  ftre  of  younger  age,  and  iniisfc  OTerfie  i^ioee  of  ilie 
Headon  Hul  and  Hoidwell*.  TJnfortonately  some  of  the  points  of 
ooraelatioii  insisted  upon  by  M.  Hebert  in  the  same  paper,  were 
Buch  as  oonld  not  bo  accepted  by  English  geologists  (and  this  was 
forcibly  pointed  out  by  Lyell  and  Forbes) ;  thus  the  really  valuable 
suggestions  made  by  the  French  geologist  came  to  be  altogether 
neglected  by  later  writers  upon  the  subject  in  this  country. 

AMongh  I  was  led  to  tiie  reoognition  of  the  true  aacoesBioii  of 
beds  in  the  lele-of-Wight  section  quite  independently  of  tiiese  ob» 
serrations  of  Dr.  Wright  and  M.  Hebert,  it  is  right  to  point  ont 
how  near  those  poolop;if;ts  were  to  the  true  solution  of  the  problem. 
I  may  add  that  1  am  coiiviuccd  that  althour^h  Prof.  Edward  Forbes 
argued  so  strongly  against  the  views  of  M.  Hebert,  yet  before  his 
death  he  had  begun  to  perceive  the  difflonlties  whidi  beset  the 
acoepted  eUasification  of  the  Headon  beds,  and  that,  had  his  life 
been  spared  to  complete  that  rigid  palieontological  examination  of 
the  lower  beds  of  the  fluvio-marine  series  which  he  so  successfully 
accomplished  with  respect  to  the  higher  parts  of  the  same  series,  he 
would  have  so  niodilied  Ins  classitication  as  to  havo  rendered  tho 
publication  of  the  present  memoir  unnecc84>ary.  In  Forbes's  post- 
hnmons  memoir  the  aooonnt  of  the  Headon  beds  ooonpies  only 
three  pages,  which  are  reprinted,  almost  without  alteration,  from 
the  memoir  read  before  this  Society  by  the  anther  on  the  4th  of 
May,  1853 1. 

If  wo  now  proceed  to  examine  the  supposed  proofs  of  the  exist- 
ence of  a  great  anticlinal  by  which  the  strata  at  the  base  of  Headon 
Hill  are  folded  over  so  as  to  reappear  in  Colwcll  Say,  we  shall  £nd 
that  they  do  not  stand  the  test  of  carefiil  seratiny  and  exact  measure- 
ment. Webster  and  other  authors  following  mm  have  well  shown 
how  the  Tertiary  and  underlying  strata  of  the  Isle  of  Wight  have 
been  subjected  to  disturbances  producing  a  scries  of  flexures,  the 
axes  of  wbich  lie  in  an  east-and-west  direction,  and  which  attain 
their  maximum  development  in  the  great  anticlinal  curve  stretching 
from  WhiteoliiP  Bay  to  Alnm  Bay  and  thenco  on  to  Stadland  Bay 
on  the  Doraetahiie  eoast.  Bnt^  in  addition  to  these  east-and-weat 
folds,  the  Isle-of- Wight  strata  exhibit  eridence  of  having  been 
subjected  to  another  set  of  flexure?,  at  right  anijles  to  the  former, 
and  having  their  axes  striking  north  and  t^outh.  The  positions  and 
effects  of  this  second  series  of  tlcxurcs  were  well  illn.^trated  by  Prof. 
Edward  Forbes  in  his  memoir  read  before  this  Society  J. 

Now,  ftom  CM  End  to  Headon  HiU,  tho  ooast  of  the  Isle  of 
Wight  trends  nesrly  north  snd  sonth,  and  we  have  presented  to  ns 
in  tho  cliffs  a  section  nearly  at  right  angles  to  the  first-mentioned 
series  of  folds.  From  Cliff  End  to  Warden  I'nint  the  beds  have  a 
steady  dip  of  from  2°  to  3^  to  the  north,  interrupted  only  by  several 

*  "  C'  )mparaison  des  oouohes  tertiaires  inftSrisuns  ds  la  VoBOOb  Ci  de  TAngle- 
terre,"  Bull.  S<x;.  G6<>\.  France,  2*  swr.  t.  ix.  p.  191. 
t  Quart.  Journ.  OeoL  Soc.  vol.  ix.  p.  259. 
t  Quaarti  JbaiiLGeoLaso.ToLiz.p.200^fig.  1. 
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uHfjtii  dfalooatioas  and  s  small  moM  of  oootortkns.  At  Totland 
Bay  tliere  is  vndoiibted  evidonoe  of  the  profoioe  of  a  dig^t  anti- 
clinal fold,  having  its  sumniit  near  Widdidc  Ghine^  to  the  westward 

of  which  the  beds  for  a  short  difltance  have  a  slight  dip  to  the 
south.  The  great  raural  face  of  Hcadon  Hill,  however,  has  a  trend 
almcKjt  at  right  angles  to  that  of  the  cliffs  of  Colwell  and  Totland 
Bays ;  and  the  section  exposed  on  the  face  of  tho  hill  is  nearly  at 
right  angloB  to  the  teemd  seriea  of  fleroTea  which  have  been  indi- 
cated as  affecting  the  Isle-of-Wight  beds.  These  strata  seen  in 
Headon  Hill  have  a  slight  dip  to  tihe  west.  Passing  round  Heather- 
wood  Point  we  again  find  the  clilfs  assuming  a  northerly  and  soutlierly 
trend,  and  tho  beds  are  found  dipping  to  the  north,  at  an  fingle  which 
increases  very  rapidly,  till  at  ^Uuni  Bay  the  strata  assume  a  ver- 
tical poBitiou^  and  near  the  Chalk  ore  for  a  short  distance  actually 
inverted. 

Now,  when  these  l8le-of-T\^ight  cliffs  are  viewed  from  the  sea, 
the  great  changes  which  take  place  in  the  trend  of  the  coast  may  be 
easily  overlooked  ;  and  undoubtedly  tho  first  impression  which  ia 
made  upon  the  mind  of  an  observer  is,  that  there  exists  a  great  anti- 
clinal flexure,  the  summit  of  which  is  seen  in  ToLland  liay,  and  that 
the  Colwell-Bay  and  Headon-Blll  beds  respectivoly  lie  in  equivedent 
positions  on  eitilier  side  of  this  axis,  and  are  theraf oze  representatives 
tiie  one  of  the  other. 

If,  however,  instcajtl  of  trusting  to  the  general  impression  which 
is  produced  by  viewing  these  beds  from  a  distance,  we  carefully  ])lot 
the  section  to  scale  by  the  aid  of  the  admirable  25-inch  maps  of  tho 
Ordnance  Survey,  allowing  carefully  for  tho  changes  in  direction  of 
^  eliib,  we  shall  find  tiiat  the  effeet  prodaoed  by  the  Totland*Bay 
antielind  has  been  very  greatly  overrated,  and  that,  in  oonseqnenoe 
of  this,  the  true  order  of  succession  of  the  beds  has  been  altogether 
misunderstood.  The  strata  of  How  Ledge  and  "Warden  Point  are 
seen  in  such  a  true-scale  section  (PL  VII.  figs.  1, 2,  &  3)  to  be  clearly 
continued  in  precisely  similar  beds  appearing  underneath  tho  gravel 
of  Headon  Hill ;  the  clays  beneath  are  found  to  be  a  continuation 
of  those  seen  in  Totland  Bay ;  while  all  the  underlying  strata  are 
recognized  as  distinct  from  and  on  a  lower  liorizon  thfui  thoee  ex- 
posed in  the  bays  to  the  north  of  Headon  Hill. 

When  we  come  to  compare  the  succession  and  thickness  of  the 
Boveral  strata  exposed  in  Headon  Hill  and  in  the  bays  to  tlie  north- 
ward.s,  the  correctness  of  this  new  reading  of  the  section  will  become 
strikingly  apparent.  The  two  series  of  beds  ean  only  be  correlated 
with  one  another,  as  has  been  attempted  by  previous  observers,  by 
sapposiog  that  in  the  distance  of  a  mile  or  two  the  most  remarkable 
changes  have  taken  place,  both  in  the  mineral  character  and  tho 
fossil  contents  of  the  several  bods.  But  if,  on  the  other  hand,  wo 
admit  that  the  lowest  l)eds  in  Totland  Bay  are  represented  in  the 
higher  part  of  the  Headou-liill  section,  wliile  the  main  part  oi  the 
strata  at  that  looalify  are  on  a  different  and  lower  horizon,  the  dif- 
ficulties and  db(»epancies  wiU  at  once  disappear. 

Fortunately,  however,  I  am  ^le  to  adduoe  proofii  of  .the  most 
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eonnndng  kind  of  tiie  wnMbiflM  of  &o  xM^oig  of  tiMM  teoiioiiB 
whiok  I  now  offer.  If ,  at  is  tnppoted  by  the  earlier  iniofpietalaon, 

the  strata  of  ColwcU  and  Totland  Bays  be  only  a  xepetition  of  those 
of  Headon  Hill,  resulting  from  the  presence  of  a  great  anticlinjil 
flexure,  then  the  well-marked  white  sands  of  Ileadon  Hill  ought  to 
bo  found  near  the  Bunimit  of  the  anticlinal  in  Totland  Bay.  In  this 
position  they  are  actually  represented  as  occuiring,  iu  both  the 
longitudinal  and  Tertieal  aeotiona  of  tbe  Geologleal  Surrey  it  being 
anppoeed  that  they  are  oonoealed  by  beary  masses  of  talus  which 
oover  that  portion  of  the  oMs.  Now  within  the  last  few  yean 
oxoavations  have  been  made  at  this  locality  for  the  purpose  of  erect- 
ing the  new  reading-rooms';  and  it  is  found  that  the  Headon-HiU 
iSands  do  not  occur  in  the  position  indicated  by  the  Geological  feurvoy, 
but  that  beds  are  found  which  have  their  exact  counterpart  in  the 
Headim-HiU  seetion,  not  at  tiie  base,  bnt  at  a  nraeh  higher  part  of 
the  series.  I  looked  forward  with  great  interest  to  the  opening  of 
these  sections  in  Totland  Bay,  as  enabling  me  to  apply  a  crucial  test 
to  the  two  interpretations  of  the  section  ;  and  the  results  axe  aooh 
as  to  remove  any  possibility  of  doubt  upon  the  subject. 

Again,  the  position  of  the  Bembridge  Limestone  at  Headon  Hill 
quite  agrees  with  the  interpretatioa  of  the  section  whioh  I  now 
offer,  bat  is  altogether  irreoonoQable  with  that  whioh  has  hitherto 
been  adopted.  It  is  admitted  on  all  hands  that  at  the  north-east 
ftytgl<^  of  Headon  TTill  the  marine  band  Middle  Headon  beds  ") 
makes  its  appearance  just  above  tho  soa-lovcl.  J(ow  the  excellent 
maps  of  the  Ordnance  Survey  enable  us  to  fix  with  the  greatest 
precision  the  height  above  the  sea-level  of  the  Bembridge  Limctitone, 
which  is  BO  well  exposed  with  all  tts  ehaiaeteristio  fossils  near  the 
oottage  on  the  Warren.  We  thns  learn  that  250  feet  of  strata  must 
intervene  between  the  Bembridge  Limestone  and  the  marine  band 
of  Headon  HiU  ;  but  the  Geological-Survey  section  shows  less  than 
one  half  of  that  tliickness  of  beds,  and  in  Colwcll  Bay  the  distance 
between  the  Bembridge  Limestone  and  the  marine  band  is  120  feet. 
Hence,  if  wo  believe  that  the  marmc  bed  at  Headon  Hill  is  identical 
with  that  at  OdwaU  Bay,  we  mnst  8up]K>se  that  in  a  distanoe  of 
Uttle  more  than  one  mile  a  mass  of  beds  120  feet  thiek  has  expanded 
to  250  feet,  and,  farther,  that  tho  beds  have  been  entirely  ehanged 
in  their  mineral  characters.  But  25i)  feet  of  strata  is  precisely 
tlie  tliickness  required  by  my  interi)retation.  It  may  bo  objected 
that  the  marine  beds  of  ColweU  Bay  have  never  been  detected  iu  the 
upper  part  of  the  Headon-Hill  section,  where  they  must  exist  ac- 
cording to  my  view.  Bnt  those  who  know  the  manner  in  whioh 
the  sneoession  of  beds  is  obseored  in  the  npper  part  of  Headon  Hill, 
tiUEOUgh  land-slips  and  tho  prrcat  capping  of  gravel,  will  feel  little 
surprise  that  this  particular  bed  has  never  b{>eii  seen  there. 

In  the  two  diagrammatic  sections  on  Plate  \  11.  the  two  readings  of 
the  succession  of  strata,  as  seen  at  the  western  cud  of  the  Isle  of 
Wight,  are  illustrated.   Fig.  1  18  ezaetly  copied  from  tiie  diagram 

•  BoriaoatalSBelioiis,dieet47;  Tertiodl  Seettons,  dieet  26. 
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given  by  Frot  Edward  Forbes  in  bis  memoir  on  fbe  Tertiary 

Fluvio-marine  Formation  of  the  .Isle  of  Wight  (p.  89).  In  fig.  2 
the  relative  heights  are  given  in  accordance  with  the  mousurementa 
of  the  Ordnance  Snrvcy  ;  hut  the  vertical  scale  is  difierent  from 
the  horizontal ;  and  the  section  illustrates  diajrrammutically  the  view 
of  the  succession  of  beds  which  I  now  put  forward.  The  section 
fig.  3  on  tiie  eaoifi  Pkle  ii  drawn  npon  tbe  true  scale,  both  Teriical 
and  horizontal,  the  heights  and  distances  being  taken  from  the  new 
maps  of  tiie  Ordnance  Surrey. 

lY.  F4LiEOKTO£ooiCAL  EviDmrcB. 

T  shall  now  proceed  to  sliow  that  the  palicontological  evidence  in 
favour  of  the  correlation  which  T  propose  ia  not  less  complete  and 
satisfactory  than  the  straligruphical.  According  to  the  usually 
roceiTed  interpretation,  a  series  of  marine  strata  100  feet  ihiek  in 
Whitediff  Bay,  tlio  well-known  and  distinctly  marked  marine  beds 
of  Colwoll  Bay,  and  the  marine  beds  of  the  New  Forest  exposed  at 
Brockenhnrst,  Roydon,  and  Lyndhursfc  are  represented  at  Headon 
Hill  by  the  brackish-water  Middle  Headon  beds,  and  at  Hordwell 
Cliff  by  a  band  a  few  inches  thick,  containing  both  marine  and  fresh- 
water forms. 

Bnt  against  this  correlation  several  vcr)  scrions  objections  may  be 
niged.  In  the  first  jilace,  it  mnst  be  noticed  that  at  ^Vhitocliff  Bay, 
at  ColweU^Bay,  and  in  the  several  New-Forest  localities,  the  strata 
are  of  imrfhj  marine  origin,  and  contain  no  admixture  of  fresh- 
water shells,  while  in  the  last-mentioned  reef-building  corals 
abound*,  and  to  the  existence  of  these  an  influx  of  fresh  water  is 
known  to  be  highly  inimical.  The  so-called  *^  Hid^e  Marine beds 
of  Headon  Hill  and  Hordwell  Cliff  arc  of  totslly  different  character, 
exhiHting  clear  evidence  of  the  prevalence  of  estuarine  or  brackish- 
water  conditions  only.  At  both  localities  we  find  some  shells  be- 
lonj]pnf^  to  marine  genera,  such  as  AncWaria,  Area,  Bulla,  Cauctl- 
laria,  ChemnUzia,  Corbula,  Cytherea,  Fusns,  Liicina,  Murea\  Natica, 
Nuciila^  Osirm,  rUurotoma^  PsammohiayScalana,  and  VuluUt^  with 
Balani  and  Serpnlie.  Bnt  these  marine  forms  aro  almost  always 
dwarfed  in  size,  and  exhibit  clear  evidence  of  having  lived  nnder 
iinfavourahlo  ocmditions :  while  mingled  with  them  we  find  shells 
belonging  to  genera  which  usually  frequent  brackish  water,  such  as 
Cerithium,  Ci/i-ena,  J/)/<h'obia,  and  Odostomia,  with  other  pnrely 
freshwater  forms,  such  iiaLimn(xa,Melania^Mehm(>psiSyrotamomi/ay 
and  Planorhis, 

The  marine  beds  of  'Whitecliff  Bay  attain  a  thickness  of  100  feet ; 
atColweU  Bay  they  are  about  25  feet;  while  in  the  New  Forest 
their  entire  Uiickness,  although  it  has  never  been  determined,  is 
probably  very  considerable.   These  beds  contain  a  very  large  and 

•  See  tbe  important  memoir  by  Dr.  Duncan  "  on  the  Physical  Geograpbv  of 
WcsWrn  Europe  durine  the  Mcsozoic  and  C'ainozoic  rcriods,  pluddatM  by  their 
Ooial  Fmuum,*^  Quart.  Joum.  Oeol.  Soc  toL  xxtl  (1870),  p.  61. 
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▼aiMd  maxine  fimna,  which,  as  I  shall  hereafter  show,  characterizes 
a  higher  horizon  in  the  geologioal  leriea  as  displayed  upon  tiie 
Continent  than  is  represented  by  tAie  hfaddsh-water  firana  of  Headon 

Hill  and  Hordwcll  Cliff. 

Now,  although  in  such  series  of  strata  as  those  of  the  Isle  of 
M^ight  wo  might  be  prepared  to  find  marine  beds  passing  at  certain 
points  iDto  others  exhibiting  evidence  of  brackish-water  coDditions, 
yet^  it  is  impoaaiblo  to  belieTe  that  a  thiok  mass  of  marine  afanta, 
inftint>aining  snoh  a  mufomiity  of  character  and  of  foisOs  at  pomto 
so  distant  as  Whitecliff  Bay,  Colwell  Bay,  and  Brockcnhurst,  could 
lose  all  their  distinctive  characters  and  pass  into  bnickiiih- water 
strata  at  intermediate  points  like  Headon  Hill  and  Hordwcll  Cliff. 
Moreover,  as  I  shall  proceed  to  show,  the  marine  fossils  of  these  two 
sets  of  hods  are  not  identical  in  character,  as  has  been  supposed,  but 
very  distinct,  the  fonnas  being  such  as,  at  many  points  upon  the 
Continent,  characterize  two  pe^ectly  distinct  horizons. 

This  distinction  between  the  fauna  of  the  Colwell-Bay  beds  and 
that  of  the  Headon-Hill  and  Hordwell-Cliff  beds  is  rendered  stri- 
kinf]^ly  apparent  if  we  direct  our  attention  to  the  species  and  varieties 
by  which  certain  genera  are  represented  in  these  two  deposits.  The 
genua  CerWUvm  especially  affords  very  interesting  aud  valuable 
evidenoe  bearing  on  this  point ;  and  it  was,  indeed,  while  engaged 
in  a  series  of  researches,  commenced  many  years  ago,  with  a  view 
to  the  determination  of  the  genealogy  and  lines  of  descent  of 
the  forms  of  this  group,  that  I  first  detected  the  serious  errors 
which  have  crept  into  onr  classification  and  correlation  of  the 
strata  wo  are  now  considering.  While  the  form  now  known  as 
OiMium  pteudodndum^  d'Orb.  (with  its  variety  C.  irtsonolicm, 
ICoiris)  oooors  in  great  abundance  both  in  the  marine  beds  of  Col- 
well Bay  and  aU  through  the  Headon  series,  two  well-marked  forms, 
Cerithium  ventnc4)8um,  Sow.,  and  C.  coticavum,  Sow.  (with  its  varie- 
ties C.  phurotomoides^  Lam.,  and  C.  rmticuni,  T)osh.),  are  entirely 
confined  to  the  Headon  beds,  occurring  similarly  at  Hordwell  Cliff. 
At  both  these  latter  localities  these  two  forms  of  Cerithium  are 
found  in  snoh  prodigious  abundanoe  as  to  conatitate  the  most  ofaa- 
racteristic  fossils  of  the  beds;  and  their  total  absence  from  the 
Whitediff-fiay,  the  ColweUpBay,  and  the  Kew-Forest  beds  is  a  moat 
mgnificant  circumstance. 

Now,  as  long  a;^o  shown  by  M.  ITiTjcrt,  the  form  of  CWithium 
known  in  this  country  as  C.  coruxivum,  t>ow.,  and  in  Prance  as  C, 
ruHicum^  Desh.,  and  C.  pUuroUmoidetf  Lam.,  is  found  at  a  very 
definite  horizon  in  the  Paris  basin — the  Upper  fossilifeTOUs  zone 
of  ^[ortefoiitainc  and  Monnevillo  &c.'' — tho  beds  there,  like  those 
of  Headon  Hill,  being  characterized  l)y  tho  extreme  abundance  of 
that  fossil.  More  recently  Dr.  C.  flayer,  of  Zurich,  whose  researches 
have  contributed  greatly  to  our  knowledge  of  the  ex:tf  t  correlation  of 
the  various  Tertiarj'  deposits,  hik>  insisted  upon  the  importance  of 
this  paheoutological  horizon,  which  he  has  distinguished  by  the  name 
of  **  the  Zone  of  Cmihium  coneavum***.  Dr.  8andbezger,  too,  fully 
*  0.  Mayer,  *  TaUe  de«  Terrains  Tertiaiiei  Inferieuii,'  Ziiridi,  1875. 


Diyiiized  by  Google 


150 


fBOF.  J,  W.  JCDD  ON  XHE  0LIQ0CE5S 


indones  the  opo^on  of  Hubert  and        m  to  tiie  <KitinflfamB  and 

importanoe  of  this  diyision  of  the  Lower  Tertiary  series.* 

When  we  come  to  study  tbo  whole  of  the  marine  forms  of  Headon 
Hill  and  Hordwell,  and  to  compare  them  with  those  of  the  Brocken- 
hurst,  ColwcU-Jiay,  and  WhitodifF-Iiny  beds,  the  distinction  of  tho 
two  faunas  becomes  strikingly  apparent.  iS^carly  one  hundred 
marine  fonna  aie  known  from  Headon  HOI  and  fioidwdl,  wlifle 
ahnoel  twioe  that  number  have  been  obtained  from  the  New-Fonert 
localities,  Colwcll  Bay,  and  Whitccliflf  Bay.  Of  the  fimns  found 
at  Headon  Hill  and  Hordwell  Cliff,  less  than  one  half  occur  at  the 
three  other  places.  A<!:ain,  if  we  compare  ])otli  of  the  marino  faunas 
with  that  of  tho  Barton  series,  we  find  that  while  nearly  0)u  third 
of  the  Hordwell  and  Hcadon-Hill  marine  shells  are  Burton  forms, 
not  more  than  cnejifih  of  those  ocoorring  at  Brodcenhnist,  ColweiU 
Bay,  and  Whitedliff  Bay  aie  fonnd  at  Barton.  On  the  othsar  hand 
the  latter  fauna  has  more  s^)^cie8  in  oommon  with  that  of  the 
Hempstead  beds  than  has  the  former. 

Summini:  up  the  results  of  this  palfrontological  examination  of  tho 
beds,  we  tiud  that  the  fossils  in  the  Hcadon-HiU  and  Hordwell-Oliff 
beds  are  almost  identieal,  while  those  of  Cdwell  Bay,  Whitecliif  Bay, 
and  of  the  New  Forsot  looalities  also  present  the  Tery  doaest  agree- 
ment with  one  another.  But  when  we  come  to  compare  the  fnma 
of  tho  two  first-mentioned  places  with  that  of  the  other  three,  we 
are  struck  by  remarkable  points  of  difference.  In  tho  firet  place,  tho 
conditions  indicated  by  the  former  arc  estuarine,  of  the  latter  purely 
marine;  secondly,  more  than  one  half  of  the  forms  found  in  tho 
former  are  diffDrent  from  those  in  the  latter ;  thirdly,  the  former 
exhiUts  a  nnieh  dossr  approximation  to  the  Baoton  frana  than  does 
the  latter ;  and,  fourthly  (and  most  important  of  all),  the  fauna  of 
the  former  agrees  with  that  of  a  series  of  beds  occurring  both  in 
France  and  Germany,  which  unquestionably  underlie  and  are  of 
older  date  than  beds  containin<;  the  fauna  of  tho  latter.  We  thus 
see  that  the  palaH)ntologicid  evidence  fully  8upport«(  the  conclusion 
derived  from  a  stod^  of  the  physical  evidenoe— namely,  that  l^e 
Hordwell-Gliif  and  Headon-Hill  strata  are  not,  as  has  previously  been 
supposed,  nn  tho  same  horizon  with  those  of  Brock enhurst,  Colwell 
Bay,  and  Whitecliif  Bay,  but  oooapj  a  distinct  and  lower  plaoe  in 
the  geological  series. 

y.  Ck>BBELAIlON  Of  THE  SiBAIA  WITH  FoEEIGN  BeFOSHS. 

Knee  the  date  of  tho  appearance  of  Edward  Forbes's  posthumous 
monograph  'On  the  Tertiary  Fluvio-marine  Formation  of  the  Isle 
of  Wij^ht,'  80  much  has  been  done  in  the  investigation  of  the  faunas 
and  floras  t  of  the  several  divisions  of  the  series,  and  at  the  same 

•  Bsticlberger, '  Land-  q.  8fininuser-Ooneh;flien  der  Torwelt,*  p.  196. 

t  The  vnluiible  oollt'cl ion  of  Lower  Ti'fti.u}  fofisiLs  miulc  ^\\\h  jjucIi  un- 
tiring induatiy  bv  tho  lato  Mr.  F.  £.  Edwards,  mid  in  part  described  hy  liitn- 
self,  Mr.  S.  Y.  Wood,  and  Br.  Dancan  in  the  puUioattons  of  the  Pa]iieontt>gra- 
pbieal  Soeiefyi  have  fortonately  been  acquired  for  the  nation,  and  are  noir  in 
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time  80  rati  a  ftmd  of  new  informatioii  has  been  aoonmiilated  oom- 
oerningthe  age  and  lektioDa  of  the  eqnifBlentbeds  19011  the  Conti- 
nent,  that  geologists  aro  now  in  a  Tery  difoent^  and  &r  moie 

favourable,  position  for  CHtimatiiip;  tho  cvidenco  roiicorning  the  cor- 
relation of  the  various  beds  than  was  the  case  at  tlic  time  of  Edward 
I'orbes's  death  in  lb54.  This  circumstance,  taken  in  connexion  with 
the  fact  which  I  have  now  established,  viz.  tho  error  hitherto  made 
in  the  detonninataon  of  the  eider  of  suocesfiion  of  the  beds,  affords 
sufficient  warrant  for  that  revision  of  the  dasofioation  and  nomen- 
clature of  the  beds  in  question  which  I  now  propose  to  make. 

As  Professor  TTuxley  has  well  pointed  out,  the  time  is  approaoli- 
ing  when  gcolo<:;ists  will  have  to  establish  two  distinct  and  parallel 
systems  of  classiiicatiou,  for  the  formatious  of  marine  and  fretih- 
water  origin  respectively.  In  the  series  of  beds  whidh  we  aze  now 
considering,  we  have  sneh  remarkable  altemationB  of  marine  and 
freshwater  conditions  that  it  will  bo  of  advantage  to  otmsider  the 
evidence  afforded  by  the  study  of  tho  marine  fauna,  and  l)y  tho 
freshwater  and  terrestrial  fauna  and  flora  respectively.  The  earliest 
classification  of  the  Tertiary  strata — that  of  LycU — was  based  en- 
tirely upon  the  study  of  the  marine  MoUusca;  and  these  forms  still 
eoastitiite  the  saliast  guides  in  eonelating  the  beds  over  different 
areas;  bat,  at  the  same  time,  so  much  attention  has  of  late  years 
been  devoted  to  the  study  of  the  freshwater  and  terrestrial  shells 
(the  results  of  which  have  been  admirably  embodied  in  Dr.  Sand- 
berger's  '  Die  Land-  und  Siisswasser-Conchylien  der  Vorwelt '),  that 
great  assistance  may  be  obtained  from  these  forms  in  the  comparison 
of  the  strata  in  different  areas.  Lastly,  the  flora  and  vertebrate 
fanna  ooonpying  the  land  of  the  period  afford  the  means  of  a  third 
series  ci  comparisons.  We  shall  proceed  to  the  study  of  each  of 
these  three  Muds  of  evidence,  in  the  order  in  which  wo  have  enu- 
merated Uiem,  which  is  the  order  of  their  respective  importance. 

Confining  our  attenti(vi  in  tho  first  instance  to  the  forms  of  marine 
life,  we  find  that  we  have  three  well-marked  horiiions  in  the  Jbaiglish 
series  whlfih  enable  us  to  bring  our  strata  into  exact  eonelatum 
with  those  of  S!nnee,  Bdgiiim,  and  Northern  Gennany,  and,  leai 
directly,  with  the  deposits  of  the  Alps,  the  Italian  pemnsola,  and 
Eastern  Europe. 

At  the  base  of  tho  Fluvio-marino  series  lies  the  richly  fossiliferous 
marine  deposit  of  the  Barton  Clay.  Bo  long  ago  as  1^57,  Trofossor 
Prcstwich  was  able  to  enumerate  no  less  than  three  hundred  species 
of  Holhisca  from  this  formation ;  and  when  all  the  known  forms 
eontained  in  the  nnmerons  collections  in  this  country  come  to  be 
described,  the  number  of  speeies  from  this  deposit  wUl  probaUy  be 
found  to  exceed  a  thousand. 

l^ow  all  paliDontologists  are  agreed  that  the  Barton  Clay  is  reprc- 

the  British  Moieum.  This  splendid  oolleetion  is  so  sdmirably  arranged  tiuit 

tiiS  work  of  llie  piilti'ontologist  who  slniU  d<n\\  widi  these  species  is  greatly 
idmplified ;  and  it  is  to  be  hoped  geological  literature  will  soon  be  enriched  by 
the  publication  of  the  wt  usdeimbed  fomu  by  the  Palflcoutographia^ 
Boeiely,  or,  fUUiDg  thii^  by  toeks^pen  of  thenaticmu  ooUsotion. 
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Muted  in  the  Fails  Iraain  by  the  ''Sables  ICoyenoes *  or  Sables  de 
Beaiixihamp,''  and  in.  Belgtmii  bj  the  "Systdme  Loekdnien''  of 
Dmmmt.  Most  geologists,  too,  regard  this  well-marked  foeailifenNis 
Bone  as  constituting  the  highest  member  of  the  Eocene  or  Nummn- 
litic  formation.  This  being  admitted,  we  have  an  admirable  and 
safely  establishefi  base-line  from  which  to  start  in  our  comparison 
of  the  Engliah  and  foreign  representatives  of  the  suooeeding  geolo- 
giosl  periods. 

L}ing  upon  the  Barton  Clay  we  find  a  great  series  of  estuarino 
strata,  which  in  places  attains  a  thickness  of  nearly  400  feet ;  and 
this  is  succeeded  by  the  beds  containing  the  second  marine  fauna. 
At  Whitecliff  Bay  these  marine  beds  are  100  feet  in  thickness  ;  at 
Colwell  Bay  they  are  reduced  to  25  feet,  while  in  the  New  Porest 
we  have  evidenoe  that  tbnr  thiekness  is  eonsiderable,  though  it  has 
never  been  exaotly  determined.  Onr  knowledge  of  these  marine 
beds  in  the  New-Forest  area  is  derived  entirely  from  an  examina- 
tion of  exposures  in  artificial  openings — brickyards,  wells,  and  rail- 
way-cuttings. 8ome  of  the  peculiar  fossils  of  this  horizon  were  ob- 
tained so  long  ago  as  1823  by  Sir  C.  Ia'cII,  and  by  him  submitted 
to  Mr.  Sowerbv  for  description.  Mr.  F.  £.  Edwards  made  many 
interesting  eoUeetions  from  beds  on  this  borison  at  Brockenbnist, 
Boydon,  Wbitley  Bidge,  and  Lyndbnist,  especially  during  the  period 
when  railway-cuttings  were  being  opened  at  the  first-mentioned 
of  the<^e  localities.  From  information  communicated  to  him  by  Mr. 
Edwards,  supplemented  by  his  own  studies,  Von  Kiinen,  who  was 
well  acquainted  with  the  equivalent  beds  on  the  Continent,  was 
enabled  to  give  the  account  of  these  beds  which  was  published  by 
this  Society  in  1864*.  Professor  P.  M.  Duncan  about  the  same  time 
described  the  important  coral-fauna  of  these  beds,  the  distinotiTe 
character  of  which  ho  was  the  first  to  recognize. 

Now  the  marine  fauna  of  these  beds  is  a  very  rich  and  hip:hly  in- 
teresting one.     Von  Kouen  was  able  in  1804  to  enumerate 
species  of  MoUusca  as  occurring  at  Brockeuhurst ;  but  we  arc  now 
acquainted  with  nearly  200  marine  forms  from  the  seversl  locslities 
at  which  the  beds  representing  this  horison  occur. 

The  first  point  which  claims  onr  attention  in  connexion  with  this 
second  marine  fauna  is  Hs  striking  distinctness  from  that  of  the 
Barton  bods.  Of  the  L'OO  forms  which  it  contains,  not  more  than 
20  per  cent,  are  found  in  the  Barton  beds.  Now  tliis  second  fauna 
is  found  to  occur  at  many  points  upon  the  Contiuent,  and  always  in 
strata  which  distinctly  overlie  the  Bartonian  deposits.  In  the 
Paris  basin,  it  is  true,  this  second  marine  fauna  is  not  represented ; 
for  there  the  gypsum  of  Montraartro  and  other  freshwater  deposits 
occur  at  thin  liorizon,  to  the  exclusion  of  marine  beds  ;  but  in 
Bclijiiini,  xsortheni  Germany,  and  Switzerland  wo  find  the  exact 
etiuivaleut  of  our  English  strata  overywh(!re  containing  the  same 
woU-ohanctericed  fauna.  The  fossils  of  tho  *'Tongrien  inferieur'' 
of  Dumont  (the  Lower  limburg  of  Lyell),  those  of  tho  strata  which 

•  "Oo  tho  Correlation  of  the  Oligoceno  Deposits  of  Belgium,  J^orthern  Qer- 
manyi  sad  the  South  of  Bnghmd,"  Qoait  Joain.  GeoL  Soc  toL  zx.  p.  1)7. 
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over  80  laige  a  part  of  North  Germany  overlie  iSie  Brown  Coal,  and 
tboae  of  tho  "  etage  Ligurien  "  of  C.  Mayer  agree  so  closely  wiUi  the 
forms  found  in  tho  Isle-of-Wight  and  Now-Forest  beds  as  to  put 
their  contemporaneity  beyond  question.  The  number  of  moUuscan 
forms  obtained  from  this  horizon  at  various  point«  on  the  Continent 
uow  greatly  exceeds  1000 ;  and  evcrywhtTu  the  distinctness  of  this 
finina  ttom  that  of  tlie  Bartonian  is  not  kaa  dearly  mailnd  than  it 
ia  in  thia  ooontry. 

Up  to  the  present  time,  however,  the  heds  whioh  in  this  country 
contain  this  important  marine  fauna  have  not  received  a  distinctive 
local  appellation  ;  and  as  their  j)osition  in  the  geological  series  and 
their  relations  to  foreign  de^wsita  are  now  fully  established,  1  propose 
to  call  them  them  the  Brockenhurst  iSeries,"  ixom  the  locality  in  the 
KewEoveat  at  whioh  they  have  yielded  the  greatest  number  of  foesUa. 

The  appended  list  will  aerve  to  illustrate  the  richness  and  variety 
ofthiaaeoond  marine  fauna.  1  have  included  in  it  a  number  of 
names  given  by  the  late  'Sir.  F.  Edwards  :  for  although  the  forms 
thus  designated  have  not  been  described  and  iiguied,  yet  they  are  so 
carefully  arranged  and  so  accessible  for  purposes  of  reference  in  the 
BritidiKiiaenm>that  I  thinki  am  jnatmedinaodcang.  Aatothe 
.qneation  whetiiar  these  forma  ahoold  he  roguded  as  speoiea  or 
vanetieB,  I  hold  it  to  be  one  of  very  little  importance ;  enough  for 
us  if  they  can  be  recognized  as  presenting  constant  and  distinctive 
characters,  and  are  found  oharacteriziug  definite  geological  ho- 
rizons. 

JFMZf  ofih$  Brodeenhunt  Series, 

found  at  Whitecliff  Say ;  0,  at  OolweQ  Ba^ ;  B,  Brookenhurst  and  neigh, 
bourhood ;  L,  Ljndhunt;  psM  down  into  Barton  Snriea;  a,  pns  up 
into  Bemprtimd  SoriM. 

9  MsKginella  aimplox,  EJir.  0» 
g  sestuarina,  Edw.    B,  L. 

Yoluta  tareticosta,  Edw.  MS.  W,  0. 
-  gunimto.  Sow.   B,  L. 

■       spinofla,  Xa;«.    C,  B,  L. 
9  —  decora,  Beur.  (V.  maja,  Edw.).   B,  L. 

—  satiinlu,  It'yfit  (Y.  contabulaU,  MSiw.),  & 
9  depauperata,  Sow.  C. 

Mitra  graciienta,  Edw.  MS.  B. 

 MmnUAa,Edw.'Ma.  B. 

 polygyra,  Ejdw.  MS,  B. 

Ckmorbb  (Conus)  donnitor,  Sol.,  var.  serainuda,  Edw.   B,  L. 

—  proeenw,  Beyr.  (C.  alatos,  var.  hemilim,  Echo.),  B,  L. 
Pl0iiiOlOina  tranin  ersnria,  Lam.  B. 

—  ,  var.  cjmsBSi,  Edw.  B. 

— —  ^  nr.  nans,  Eiw,  C. 

—  prrgota,  Edw.  B. 
 fcllula,  PAi7/.  B. 

9  headonensi^,  Edw.   C,  L. 

9  •      dentumlata,  Basf.  L. 

— —  ,  Tar.  otlontcllfi,  fulw,    C,  L. 

Ixeviuscula,  Etlu:  B. 

 tabdenticulata,  Gold/.  (P.  bantonieMu^  B^L. 

Borsonia  sulcata,  Hommlt,  C, 

a  J.  0.  S.  Ko.  142.  X 
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a  Aporrludi  (Ohanopus)  MargBrini,  i»  Km.t  w.  qMcioM,  BckkA,  B. 

X  Rimella  rirnosa,  ^<ol.    W,  C,  B,  L.  /      \  r 

X  llippocrenw  (Kosteilaria)  ampla,  iSoto.  (B.  macroptera,  La//t.;.  L.- 
Murex  hantonieosis,  Bim.  MS.  B,  Ii. 
-  MzdientatuB,  &>w.  C. 

 ,  var.  cincttu^  £iE2to.  MB.  C. 

minaz,  Sol.  B. 


X  Typhis  pungens,  Sol.    B,  L.  ■ 

Gantharus  subooetulatus,  Edw.  L. 
»  Piiania  (Fbeiui)  Ubials,  Sow.   C,  B,  L. 

 ,  var.  conomna,  Eidvo.  MS.  C. 

 nudictMta,  Edw,  MB.  B. 

<  Miitietwia,  Eim.  MS.  C. 

«  ClaTella  (Pubuh)  l<m<::jcva,  Sol.    B,  L. 

 ,  TOT.  egrogio,  lievr.  B. 

GhryBodomnB  (Fusus)  Sandbergeri,  Br^,  B. 

LeioBtoma  (FuRis)  ovatum,  2?r//r.    B.  tt-  -d  t 

«  Strepridura  (Buccunim)  armata,  Sow.  (B.  bullatum,  PhilL).    W ,  ii,  t*. 

— —  aemicoetata,  Biw.  MS.   O.  s     \  11 

«  OominsU*  (Buccinum)  deserta,  Sol,  (B.  excmtniDf  .B^.)*  B. 

 flexuoKi,  Edw.  MS.    0,  B. 

.  ventricosa,  E^w.  MS.  C. 

X  Ancillaria  buooinoidofl.  Lam.    C,  B,  L. 

jr  Cassis  ambigua,  Sol.  (C.  afllnis,  PAi//.).  B. 

:r  Natica  hantoniensts,  *S(/M'.  B. 

,  Tar.  obovnta,  Sow.  B* 
0        oonulus,  £E2t&.  MS.  B. 

.  groKiuflOuIa,  £lc^U7.  M*S.  B. 

 daUa,  JE»».  MS.  B. 

 Studeri,  Bronn.    C,  B. 

a,   bibellata,  Ziam.    B,  L.  «  j\  t 

Canoellaria  pyrgota,  BSiw.  Mft  (0.  MK-murieato,  A  F.  Wooa),  0,3,1*. 

—  elongata,  ^yjwf.   0,  B,  L. 

—  roydonensis,  Edw.  MS.  B. 
■     scrobicula,  E^w.  MS.  B. 

4f        evul^ui,  Sol,  B. 

Pyramidella  (Turbonilla  ?)  obscura,  Elw.  MS.  B. 
TurboniUa  plicatella,  Edw.  MS.    C,  B. 

 Bemilavis,  Edw.  MS.  B. 

Odosfninin  loxodonta,  fxh''.  MS.  C. 

 dubuuibiiicata,  Edw.  MS.  C. 

 geminata,  Edw.  MS.  G. 

— —  multispirata,  Edw.  MS.  0. 

 gracilis,  Edw.  MS.  C. 

 aiigiutata,£A9.MS.  B. 

EiUima  gracillima,  Edw.  MS.  O. 
Soalaria  kevis,  Morr,  C. 

 tefl8elIata,£!A».MS.  C,B. 

Oerithinm  peeudocinotum,  (f  Orb.   W,  C,  B,  L. 
.i.— pyrgotum,  ESIfO.  MS.  0«B. 

—  varians,  fi/w.  MS.  0. 

.    -  Bubconoideuiii,  Edw.  MS.  0. 
plififtTuiii,  A>/«'.  MS.  C, 

—  Bubvuutricosiun,  luiw.  MS.  C. 
a  Nematura  parvula.  Desk.  0, 

a   pvc;m<Ta,  Furbci<.  C. 

Trocbittt  (Infuadibulum)  obliqua,  S(m\  B. 
^loruB  eretifer,  Elw.  B. 
Teinostoma  mitmti^Himura,  Edw,  MS.  C 
 luicanB,  Edw.  MS.  C. 
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Nerita  aperta,  Sow.  0. 

— -  mtttuiiiiy  Mkho.  MS.  0. 

Neritiiia  concava.  Sow.  C. 

Tornatella  (Actteon)  biuiuBformia,  Sandb.  B. 

 altera,  DmA.  Bw 

Orthofltoma  crenata,  Sow.  B. 

 retiarium,  Edw.  MS.  B. 

«  Rinfficula  parts,  Aiv.  MS.  B» 
t  Bulla  asstuarina,  Edio.  MS.   0,  L. 

— -  LMnarokii,  Deah,  B. 

■      ourta,  EUio.  MS. 

— -  aimilliuia,  fuiw.  MS.  L, 

 navella,  jKt/w.  MS.  0. 

Pylidma  globulua,  Edw.  MS.  B. 

 oralw,  £^10.  MS.  0. 

Anomia  Aloestiano,  Nt/sf.  B. 

Ostrea  velata,  S.  Wood.  C. 

 ventilabrum,  Golc^.  (O.  prona,  8,  Weed),   W,  0,  li 

Pecten  Ix'Uicostjitus,  S.  Wood*  B* 

*  Avicula  media,  Sow.  B. 
Dreissena  unguiculus,  Sandb.  B. 
Mytilus  strigillatus,  S.  Wood.  0. 
Modiola  I^ystii.  iTtCii;/.  MS.  B. 
 ignota,  Edw.  MB.  B. 

*  Area  biangula,  Lran.  B. 

 appendiculata,  Sow,   W,  B. 

 iKvigata,  OeM.   0,  L. 

*  dupUcata,  Sow.  (A.  sulcicostata,  B. 
T^ngonocoelia  deltoidea,  Lam.   0,  B,  L. 
Hnoula  headonensia,  Fwbn.  0. 

nudata,  S.  Wood,  B.  0. 
*  Bimilis,  iSmr.,  var.  B. 

Leda  propiuqua,  .S'.  fFooc?.  C. 

 minima,  Sow.  B. 

Cardita  simplex,  Edw.  MS.  R 

9  •   paudoostata,  Sand/).  B. 

 deltoidea.  Sow.   W,  B,  O,  L. 

 orbicularis,  Gddf.  B. 

«  oblong        Tar.  traniTersa,  Edw,  MS.  B. 

OnMildlft  liantomenns,  JSUip.  B. 

Ludna  obesa,  Edw.  MS.  C. 

 ocmoaTa,  IHfr.  B,  0. 

 pvMiMte,       MB.  0. 

m  tartOQMnaib  jUv.  MB.  B. 

m  Menardii,  2^.,  rar.  B. 

Strigilla  colvellensiB,  Edw.  MS.  C. 

Di^odoota  suborbicularis,  Edm,  MS.  B. 

 obsea,  £</!r.  M.S.  B. 

 plauiuacula,  ii/K>.  MS.  B. 

X  dilatete.  Bom,  B. 

9  Oardium  porulosuin,  Lam.  B. 

 ubliquum,  Lam.  B. 

 Edwardoi,  Iktk.  B. 

Protoctirdiuiu  hnntotiiensi.-^,  Eihv.  B. 

Cjrpricardia  peotinil'era,  Sow.  B. 

booafdia  tranfvarsa,  ^yst,  B. 

Scintilla  angusta,  .S".  H  .j-*c?.  0. 

Lepton  tamidum,  Edw.  MS.  0. 

Oyprina  aoateUaria,  IkA.  (Nust).  B. 

 Nystii.iy^A.  B. 

a, 9  Ojtberw inmimtii Soto, wq,  W,B,0,L. 
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Qjfllierea  turgcscens,  J'2dxi\  MS.  B,L. 

— ^tnuiiila, /iiiu'.  MS.  B, 

.    —  Buborbicularis,  Edw.  MS.  B. 

— -  nibelliptica.  EJw.  MS.  B. 
'    hantonieneiii,  Edw.  MS.  B. 
«  ...  Solandri,  Sow.  B. 
9  eleffans,  Lam.,  var.  B. 

cPlnninKwia  compreesa,  j^m/-.  (P.  r^t.-impinensiaylMk).  B»0. 

 >,  var.  ostuarma,  i^u*.  Mii.   B,  C. 

 rudis,  Lam,  (T?.  solida,  Sow.),  C. 

ar  Sanguinolarin  Hollowaysii,  Sou\  L. 
a  TcUina  corbuloides,  Edw.  C. 

Svndosinya  eolwellensis,  Edw.  ilS.  0. 

llactra  filosa,  Edw.  MS.  C. 
Oidr   fastigiata,  Edw.  MS.  C. 

Mjra  producta,  Edw.  MS.  C. 
«  Oorbula  cuspidata,  Sam.  W,  C,  L. 
X   pisum,  Soir.  L. 

Panopsa  subuffusa,  Edw,  MS.  U. 

 ndottlow,  JStfw.  MS.  B. 

 comicata.  Styw.  B. 

ClaTiseUa  corouata,  Dah.  B. 

 Qoldfuni,  PMf.  B. 

Fistulana  Heys(xana»  IML  B. 

Saxicava,  sp.  B. 

Pholas,  Bp.  B. 

Teredo  antenautis  ?  Sow.  B. 
jr  BalauuH  imgiiifonnis,  .Vou.'.  B. 

SolenR8triv;i  cc'llulu!>a,  l)unc.  B. 

— —  Kceueni,  Dune.  B. 

 Bcussi,  Duiic.  B. 

 gemmans,  />««<'.  B. 

.   —  Beyrichi,  l>unc.  B. 

 grnmilata,  Dime.  B. 

Balauopbjrllia  granulata,  Uuiic.  B. 

Lobopwrninia  eariosa,  OiMf.  sp.  B. 

Litlmraea  broclionlnirstii,  Dinir.  B. 

Axopora  Micheluii,  JMinc.  B. 

Madrepora  Solanderi,  Dc/r.  B. 

—  •  KoMiicri.  B. 

— —  aoglioa,  JJunc,  B. 

Of  the  13  spccicB  of  corals,  4  (namely  Lobcpiammia  earioio, 

Goldf.,  Madrepwa  Solamhn,  Dcfr.,  Sohnasircpa  Kceneni,  Ihinc., 
and /S'.  r/cmwan*,  Dune.)  are  found  in  the  Oligocenc  strata  (tf  tho 
Continent.  I  am  indebted  to  Dr.  Duncan  for  valuable  iiitormuliou 
upon  this  point.  It  is  only  right  to  point  out  that  tho  study  of 
these  corals  led  Dr.  Duncan  to  the  conclusion  that  the  Brockenhurst 
strata  are  the  rcjiresentatiTes  of  the  Oligocene  of  North  Gtermany, 
and  that  this  conclusion  was  amved  at  by  him  quite  indcpendehtly 
of  tho  work  of  A''oii  Kiiucn  upon  tiie  moUuscan  forms  in  the  same 
beds. 

Separated  from  tlie  r.rockenhurst  sories  by  al)0ut  .'^<*<i  feet  of 
estuarine  and  freshwuUr  beds,  wo  tind  the  strata  contaiiuDy  our 
third  marine  fauna.  This  fauna  is  not  represented,  it  is  true,  by  so 
lai^  a  number  of  species  as  either  the  Barton  or  ^e  Brockenhurst 
fauna ;  but  wc  have,  nevertheless,  sufficient  evidence  of  its  distinct- 
ness from  both  of  them,  and  dato  by  which  wc  can  correlate  the 
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deposits  rontaininpf  this  third  fauna  with  ))od8  of  tho  same  ap:o  upon 
tho  Continout.  In  the  upper  part  of  Hamstcad  (or  "  Hompbt>cad  ") 
and  Bonldnor  CSifb  in  the  Isle  of  Wight,  the  only  point  at  which 
the  beds  of  tiiis  age  are  ctoarly  displayed,  about  100  ipecies  of 
marine  HoUasca  havo  been  obtained.  The  distinction  between  this 
fauna  and  that  of  tho  Barton  and  Brockenhur>»t  series  respectively 
is  shown  by  the  fact  that  at  Hamstcad  only  five  Barton  and  twelve 
Brockenhurst  forms  occur.  Indeed,  as  was  clearly  perceived  by 
Lyell,  the  nearest  analogues  to  the  Hempstead  fauna  are  to  be  fonnd, 
not  in  the  Eooene  deposits,  but  in  the  Miocene. 

The  annexed  list  of  Hempstead  fossils  su£Sciently  indicates  the 
character  of  this  fauna  :  and  there  cannot  bo  the  smallcHt  doubt  as 
to  the  foreign  deposits  which  must  be  correlated  with  tlio  beds  con- 
taining it.  In  the  Paris  ])asin  we  have  thn  I/nvor  Foutainclilcau 
Sandstone,  in  Belgium  tho  Upper  Tongrian  or  Xlc}  n-fSpawon  beds, 
in  tiie  ICayenco  basin  and  Northern  Germany  the  Marine  Sands  and 
Septaiian  Clay,  and  in  Switzerland  the  Lower  Marine  Molasse — each 
of  which  contains  a  fauna  presenting  so  many  forms  in  common  ^ith 
the  fauna  of  the  Hemp.'itead  beds  as  to  leave  no  room  for  doubt  aa 
to  the  approximate  contemporaneity  of  all  these  deposits. 

Fiissils  of  the  Hempstead  Serin, 

Volutn  Rrdhi*  ri,  llch.  (V.  Forbeaii,  Eiw.), 

 detnu,  }'^w.  Mrf. 

Aporrhais  (Cbenoptu)  Margerini,  de  Km,t  Tar.  ipeoiois,  SMotk, 

CiintlKinis  crebricostatua,  Iulu>,'iS&, 
Pisaoia  (!:•  usus)  labiata.  Sow. 

 trieinota,  Edw.  MS. 

— -  -  p;irYin''<'u!ri,  Fjhr.  ^fS'. 

Chrysodomufl  ^^Fubub)  Edwanlsii,  Mor. 

Ouina  (Purpura)  monoplex,  Desk.  (C.  CharleswoHfaii,  Ei»,), 

Natiea  oonulus.  FJw.  MS. 

 benijMieadeDsis,  Edw,  MS. 

 labeUata,  Lam, 

^nsbanilla  (Pyramidella)  lobooiiTeilB,  Eiiw,  MS. 

— —  micana,  Edw.  MS. 

 q)iculoidee,  Edw.  MS. 

pteudoapina,  AV/w.  MS. 

 »:^lnris,  Edw.  MS. 

Cehlhium  plicatum,  Lam. 

  » twr.  rywum,  Edw.  MS. 

•  ,  TJir.  nmticuni,  Edrr.  M.'. 

 ,  vor.  liiieatuui,  Edw.  MS. 

— —       ,  Tsr.  inmiflritaiii,  Bdw*  MS. 
 ,  Tar,  Oaleotti,  .Vv^/. 

■  — — ,  var.  inttTmediuui,  Sandb. 
— —  — — TBT.  papiilatutn,  Sandb. 

•       BubcoBtellatun],  Forbes. 

—  inornatum,  Mor.  (C.  acutuni,  ^ov\  ?). 

 Lamarckii,  Brong.  (C.  Sedgwickii,  A/lor.). 

■  ekgini,  Desk. 

— —  ,  var.  Aiistcnii,  Forba, 

^—  margaritaceuiu.  Sow. 

— —  •ubninrgaritaoeaiD,  A,  Bnitn, 

conuidalc,  Lam. 

Tenuituin,  Edw,  J^IS. 
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Oacitluum  aoomixiatam,  Ed»»  MB, 

 odontolon,  EdiD.  MS. 

<— ^  asperuluiOL  Edio.  MS. 

li^tum,  JSwp.  ICS. 
..  .i    tnseriale,  Erfw.  MS. 
mrr  asperum,  Edw.  MS. 

tropis,  £^10.  MS. 
•r —  omatiflaimujn,  Eiw,  MB. 
-r^r—  oinotuni,  Bntff.,  yar.  Teotensu,  film.  MS. 
...  ...  .  -r— ,  var.  conjunctuu,  Forbei. 

Wmm  tminnata,  Xam. 

 diversa,  Edw.  MS, 

 pauciooetata,  Edw.  MS. 

 oUiqnMOtbtta,  Edw.  MB, 

Odostomia  lincolata,  Sa?idb, 
-T-r-  Bulcifera,  Edw.  MS. 
^iTT^  nitens,  Edw.  MS. 

 mimiu,  Edw.  MS. 

Xfematura  pupa,  iVy*/' 

parvula,  l)esh. 
 pygnuea,  Foriyes. 

Tcinostoina  (Adoorbis)  decuaaatniDi  Saindb,  sp. 

 subumbilicare,  i^to.  8p. 

— -  initiduin,  Eiv>.  MS. 

—  aflSne,  JSiw.  MS. 
Collonia  trigonostoma,  Edw.  MS. 
l^eritina  tristis,  Forbes. 

■  striatula,  MS. 
«  ■      fulminifera,  Saiidb. 

—  inargiiiata,  i^/tt'.  MS. 
-     denttoulata,  ^t/w.  MS. 

— -  pl.inulata,  ^IS. 

Tornatdia  (AcUeou)  limntciformiB,  Sandb. 

 fiisciolata.  Edw.  MS. 

Bulla  ca^lata,  Dp.sJi. 

Sandbergeri,  Edw.  MS.  (B.  oonoidea,  S<mdb.t  i^on  J)wk.) 
— —  couoidoa,  DcJ^Ii. 
Ostrea  cyathula,  Lam. 

—  callifera,  /.(/wj. 

■  lungirosiris,  Z<i/». 
Mjtilus  affinis,  ^u'. 

 htriirill;i(  iH.  «^'.  U  ood. 

Modiola  I'restwicbii,  Mor. 
 flabellula,  8.  Wood. 

 Dcshavesii,  Suir.,  v:ir.  ])emp8t«adenU8,  A  Wocd. 

Litbodomus  di  lii-atulus,  JJoih, 

Area  Websteri,  Forh.x. 

Kueula  sphenoidc!^.  Edw. 

Liitt'tiii  tricoiiula,  Kdw. 

Lucina  I'bieri  iiiji.  Ikh. 

Cardium  henipHtondianuni,  Edw.  MS. 

 Tianuiii,  F.dw.  MS. 

 Ethcridgii,  I-aIw.  MS. 

Ojtboren  LyoTli,  Forbes. 
Vemi!<  voctonsis.  Ktft/\  MS. 

 Forbfsii,  Edw.  MS. 

Tellina  Njsii,  Desk. 

 Tectensis,  Edw. 

 hpni[)sfendicn?i8,  E/lw, 

 corbuloitles,  Jvlw. 

Mya  minor,  Forbes. 

——  hempsteadiensis,  Edw.  MS. 
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Mjft  donaoialis,  Edw.  MS. 
Corbula  vectcnBis,  Forbes, 

 subpisum,  (COrb. 

Faaoprntk  HUwrti,  Botq,  (F.  mbor,  Fhrbes). 
FlioIw,ap. 

If  we  now  tnm  wa  attenfioa  to  the  foims  of  life  ooniaiiied  in 
tiie  two  gnmps  of  freshwater  and  eatoarine  etnta  alternating  with 
tiie  fJbiee  marine  seriee  which  we  hsve  indicated,  the  views  at  which 
we  have  arrived  concerning  the  ago  and  foreign  equivalents  of  the 
latt<?r  arc  supported  and  strengthened.  Hie  lowest  of  these  pjoups 
of  freshwater  and  estuarine  beds  is  more  Ihau  40U  feet  in  thickness, 
and  exhibits  mauj  indications  of  the  prevalouco  from  time  to  time 
of  braekish-water  and  manne  eooditiona.  Hence  tliere  liaTe  heen 
ooUeotod  from  these  beds  a  ooneiclerable  number  of  marine  f ovma.  In 
all  ahont  100  species.  Now  if  we  examine  their  distribution,  we 
arrive  at  some  interesting  resnlts.  About  one  half  of  them  occur  in 
the  Brockenhurst  series  above,  one  third  in  the  Barton  below,  while 
one  third  are  peculiar,  and  one  sixth  common  to  all  three  formations. 

If  wo  compare  the  British  with  foreign  deposits,  we  find  that  the 
marine  fossilB  of  this  lower  group  of  estuarine  strata  agree  yeiy 
eloaelj  indeed  witii  thoae  of  tibe  series  of  beda  developed  at  many 
points  of  tiie  Paris  basin,  as  at  Mortefontaine,  Benlis,  and  If  onneville, 
and  now  well  known  to  geologists  under  the  name  of  the  "  Zone  of 
Cerithium  ecncamm^"  Sow.  Sone-^tage  de  liortefontaine  "  of  C. 
Mayer). 

MariM  FouiU  from  the  Brachij^Ji-water  Bands  ofMiodon  MiU  and 

Uordwell  Cliffs. 

[a  Pmb  ap  into  the  Brockenhurst  Reries.  9  Faw  dowi|  to  the  Barton  oUj.] 

a  Marginolla  simplex,  EiM, 

 vittata,  Edw.  . 

a  PlearotooHibMiidoiMn^  Sim. 

a  >— ^  denticulata,  Biut^  var.  odonteUa,  Aiv. 

 Woodi,  Edw. 

a,»  Bononia  miU!ato»  BommK. 
a,  X  Bimeila  rimosa,  Sol. 
a,  X  Hippofrpnps  (Rostellaria)  ampla,  8ow, 
a  Muffx  .'ioxdentatus,  Sow. 

Faaciularia  crebrilinoa,  MS. 

Pisania  (Fusiis)  !a<>ularoide3,  Ixim, 
a  Katioa  groseiuscula,  Juitc.,  MS. 

 Staderi,  Bromm,  var.  olaiisa,  Edw. 

a,x  — —  labellatu.  Z«w. 
X  Odmfcoinia  hordeola,  Lam, 
A  '-^^  lododouta,  SSiw,  MS. 

■       iuburabilicata,  Effw.  MS. 

a  geminata,  Edto.  MS. 

a   mull  is  pi  rat  a,  Edvi.  MS- 

a  pracihtf,  i'Hw.  MS. 

X  Turboiiilla  obliauooostata,  Eiw,  MS. 

 sorella,  Eaw.  MS. 

a  Scalaria  Imia,  Mbrr. 

Cerithium  coocaTum,  Sotih 

 gyroatoma,  Eeko. 
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a  Cerithiam  dnplex,  Sow, 

 Tcntricosuin,  Sow. 

 couti|^uum,  Jk^A,  'i 

 mtdtufrintom,  IkA* 

 parviUum,  Edw.  MS, 

 cavatum,  /'x/u-,  MS. 

■      speculatum,  Edxc.  MS. 
Obeam  Morrisii,  Edw.  MS. 
Lacuna  clfinxn,  Fihr.  MS. 
Bissoa  curinuU,  Edw.  MS. 
«  —  ,  yar.  deniioulata,  EHm*  IfS. 

 ditropis.  Kdw.  !MS. 

Hjdrobia  pulitA,  Edvo.  MS. 
a,x  ancep«»  8.  Wood, 

 Dobuiaoui,  Botiilht,  var.  riiiiata»  Eim, 

 8ub«ngulata,  FAw.  MS, 

a,  9  Nemntnra  parvula,  Desk. 

 lubricella,  A.  Braun. 

Trochus  pictuf,  FAw.  MS. 

Adeorbis  testuarina,  Edw.  MS. 

  apeite»  Eim.  Ma 

a  Jfcrita  apcrta,  Sow. 

a  tcstuariua,  Edio.  MS. 

a  Keritina  ooooiTft,  Bono. 

 ncritopiidea»  Edw.  MS. 

a  Actaeon  limneiformis,  Sandb» 

Bingioula  ringens,  Lam. 
a  Bulumtuarina,  Edva.  MS. 
a       •  Lwnarckii,  Desk. 

— —  tenuicula,  h^w.  MS. 
s  Anomia  tenuistriata,  Detk, 
a  Ostrea  volata,  S.  Wood, 
a  AtIcuIu  lucdia,  Sow. 
a  Dredasena  uu^uiculiu,  Sandh, 
a,9  IfytiluB affinia,  Sow. 

a,  9  strigillatus,  8.  Wood, 

X  Modiola  elegans,  Soto. 

 ,  var.  clegaatior,  8,  Wood, 

a  Area  hi'viijata,  Cai/!. 
Of  X  Trigoiioca-iia  deltoidea,  Lam, 
a  NuouU  headonensi^,  Forbes, 

 tiimoseens,  Fxfw.  MS* 

 ampltt,  J^^w,  MS. 

4P  liflsa,  Biw.  MS. 

a  nudata,  iS".  IVofi?. 

a  Cordita  oblonga,  Sow.,  var.  t.ransTeraa,  Edw,  MS. 

 ,  var.  scrrotma,  Edw.  MS. 

X  Laeina  iniluta.  Fdw.  MS. 
O,  X  —  obesa,  Edw.  MS. 

X  ooncava^  D^r. 

a  palyinata,  Edw.  MS. 

X  gibbosula.  Lam. 

 pratengifly  Edw.  MS. 

a  Sfcrigilla  oolTeDenaia,  Edw,  MB. 

 pulehella,  Agass. 

a,  X  Gardium  obliquum,  Lam. 
a,  X  Scintilla  anfi;u8ta,  S.  Wood, 

 nitidulnni,  8.  Wood, 

OfX  pytherea  incrassata,  S<>w. 

 parUiuBulcttta,  Edw.  MS. 

a  attborbioularis,  Edw,  MS. 
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a  Fnimnobia  acstuarina)  Edw.  MS. 
«,*  rudis,  Lani.  (P.  solida,  Sow,). 

X  Tollina  ambigua,  ISow, 
—     reflexa,  ixlu: 
a,  X  Hya  angustata,  Sow. 

a  ■  }ir(:)ducta,  Edw.  MS. 

a  Corbuia  nitida,  Sow, 

a  —  cuspidata,  Sow. 
OfX  •        pisuui,  S(,v. 

 fortiaulcata,  Edw.  MS. 

a,  X  Panopsea  subcffusa,  Edw.  MS. 

The  comparison  of  the  terrestrial  and  freshwater  Molhisca  of  those 
two  groii])s  with  one  another,  and  with  the  forms  contained  in  strata 
of  equivalent  age  upon  the  Continent,  is  now  greatly  facilitated  by 
the  pttblicaidon  of  Sandberger*8  Lund-  and  SoMwaamivCoii- 
ehyUen  der  YorweLt."  The  condusioiui  to  which  we  are  led  are  in 
perfect  agreement  with  those  which  result  from  the  study  of  the 
marine  faunas.  About  120  forms  of  freshwater  and  terrestrial 
Mollusca  have  been  described  as  occurring:  in  these  strata.  Of  these 
more  than  one  half  are  peculiar  to  the  lleadon  beds,  about  ono 
(juarter  are  peculiar  to  the  Bombridge,  while  the  remainder  arc 
common  to  tiie  two  groups  ef  strata.  The  distribution  of  these 
£>niis  is  iUnstrated  in  the  following  TaUe : — 


Freshwater  and  Terrestrial  MoOusea  of  the  (Higoesne  of  (he  Isle  of 

Wight, 


I 


i 


Hdix  f;l()bo-<a,  >  ■  '  "  

— —  Morri-^ii,  /v/(/»  

■    tropifrra,  Edw.   

Fratieolu  (lirlix)  redeni^i^,  Edw  , 

Hjftlina  (Helix)  d'Urbani,  Edw  

Vmdm  (He      ooehua,  Eiw.  

PMala  (Helix)  oiiiphalii.^,  Kif'i-  , 

BbNiljilus  (Helix  )  .sublab^  rinthicud,  Edw  

 (Helii)  p»eudolab\  rinthicus,  Sandb,  (=  H.  labyrin- 

thica,  S.  V.  U'oo(f,  iio'i  Say)  , 

Ga-sirodontn  (Helix)  headunensis,  Edw  

Uulimus  couvexui>,  J'a/w,  , 

€(lMidin»  (Bolitnus)  oostellata,  Sow  , 

Ainpliiflroiiiii^i  f  Hulimus)  elliptioa0»  S<m,  

^jstia  (Buiimus)  poUta,  Edw  

Pomalhi  (BaUmm)  heteroatomus,  Eiw  

 (Buhtnus  ?)  veelii  iisis,  E/w  

(^ycloatoum  (Pomutias)  laiuelloituu),  J'^tv  

Pupa  oryzu,  Edw  

Turquilfa  (Pupa)  perdentata,  Edw.   

Clnusilia  striatulrv,  Edw  

Mivpdoniasttnmi  (Cvclustouinj  luuiuia.  Lain  

C  iUia?  (Pupina?)  licvii,  Eiw.   

C'yclutuj»  eiiK'tus.  Edw  

— -r-  (?)  nudus,  Edw  
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FrethMoUr  and  Tarrtttrvd  MoUutca  (ooatiiiued). 


Assiminoa  conica,  C.  Prfvost  

Succinea  sparnacensifl,  Desk  

Tapada  f  Saocinea)  impenpieua,  &  Wood, 

Linma?a  longiscata,  Brcng  


var. 


  fvuiformia,  8o».  

 pyramiilalis,  Dc^^h  

 ooluinellarifl,  Sow  »*. 

 fabulum,  Brong  

 OTom  ?,  ^ng  

 arenularia.  Brard  

 elongata,  ^ fared  de  Serve*. 

 minitua,  Soir  

 caudata,  FJw  

 Bulcata,  •fi^tt'  

 gibbosdA,  iSiiNr.  ............. 

 mixta,  E<hL\  

 tumida,  Eilw.   ...••«• 

 convexfl,  Edw,   

■    subquadrata,  Edw,   

 costellatji.  Edw  

 dnct-a,  Ai/t£?  

 angustA,  Edw,  

 rrct'i,  E(hr  

 teuuis,  Edw.   

 flttliiaUi.  Edw.   

Ancylus  (?)  latus,  Edw  

Velletia  elogans,  Sou>  •  

Neniatui-a  (?)  pupa,  Ngst   

 parvula,  Desh  

Planorbis  discus,  Edw  

 Sowerbyi,  JBrong  

 rotundatuB,  Brard 


Bem- 
bridge 
group. 


Head  on 
group. 


* 
f 


 obtusufl,   

 platystomu,  S.  Wood  

 lent,  Brong,  

 tropi-i,  f'xiw  •••••••..••••■■•••*••••• 

 Lemistoma,  iScnc..  

 elegans,  Edw.  (P.  Baudoni  2fe«*.)... 

 bianpdaris?,  Edw  

Menetu3  (Planorbis)  euompbalua,  Sow,  ... 

 (Planorbis)  goniobasie,  Sanab  

HeliBoma  (Planorbis)  oligyratum.  Sow  

Paludina  (liythinia)  globuloide^,  E.  Forbes 

 lenta,  Sow  

 oondmia,  Sow.   

orbicularis,  8oW.  

—  lenta,  var  

minuta,  Sow  

 angulosa,  Sow  **. 

Mitrula  (Neritina)  aperta,  Sow.  

Neritina  ooncaTa,  Sow  

—  tsittsB,  Fotbn  •« 


•  •  * 


« 


•  •  • 


••• 
««. 
•.. 
... 
» 

* 
» 

•  ■  • 

« 


« 
* 
« 

* 

* 
« 

* 
t 

« 
* 

« 

* 


« 

» 
* 

* 
« 


» 
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iMIiffalar  tmd  TerrmhM  MoUma  (continued). 


bridge 
group. 


Headon 
group. 


V«ri^  Forbcflii.  8.  Wood  

— —  sonula,  S.  }Vrn>d  

 pUnulata,  /uitf  

Euchuus  Ohastelii,  ^yst,  »p  

Potanuu'lis  (Mclania)  tumtiflsima,  Forbes 

Melauia  muricata,  iSow  

— —  fnoiata,  Sow.  

 OOet  a  t  a .  So  tr  

 J^ystii,  J>uch<ui€l   

—  angulata  

 eonioA  

 pdygyra  

—  mininm,  Saw  

 interrupts,  Edw.  

  in  Ha  1.1.  -V"rr  

 Forbe;*ii,  Murr  

—  ezcarata,  Morr.   

Melan>•|)^is  ^uhulnta.  Sow.  

 subiusil'onniH,  ^^on'  

-      fueiforinif,  S</v  

— —  nncillnroides,  Desk  

—  >JuK-»riMnta,  Marr  

 i«ubTiLila.  .SW'  


« 

* 

* 


IIcniLsitnus  (Melnnoiwis)  brevia,  iiovp.  ., 
Macro-] liiia  (Mi-lanopsis)  carinaia,  Sow. 

Uuiu  Austeuii,  F(/rics  ij-  Morr.   

 Qibbsii,  Forhe»  ^  Morr.  

— —  S<>lanilri,  ■'•  

— —  tumm'i  11^,  IaIv'.  MS, 
 Tectensiii,  hjdw.  MS. 


■  «•••••  4 


G)rbicula  (Cyrena)  «ibovata,  Sow.  

Kati.-'sa  (Cvn«iia)  obtiisa.  Forhes  

Cy  rena  semistriata,  JJesh  

—  pnlcbra,  Sow  

 transversa.  Fo,  f>rs  

 britaonica,  i>t*A  

—  pisum,  Deth  

C)"Cla(lifur!iuis,  l)i  I  

 pulchra,  Soti}.,  var.  Wriglitii,  Forbes 

—  arenaria,  S.  Wood  

teuera,  S.  W«)od   

 gibK)^^lla.  Morr  

pyolaii  lirisluvii,  Forbes   

 tumidula,  8.  Wood  

Sphenia  ai]f2:uBtata,  Sow  

 minnr.  Fnrbts   

PotamotDva  {iliinn,  Sow  

 grcgaria,  So"-  

— —  angialata,  How  


* 

* 
* 


* 
* 
* 

«  «• 
»<  • 


ft 
« 


The  freshwater  and  terrestrial  MoUusca  of  the  strata  above  the 

Brockonhurst  series  in  many  cases  belong  to  species  which  oceor 
likewise  in  the  Calcairo  de  St.  Oucn  and  the  gypseous  series  of 
Montmartre  in  the  Paris  basin,  in  the  Palttotherinm-Iimestone  of 
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the  tSoutil  of  Prance,  and  in  strata  of  tbo  same  age  in  Belgium  and 
Koithem  Gennany.  The  fomu  which  occur  in  ^  beds  helow  the 
Biookenhnnt  series  are  manir  of  them  oommon  to  the  Tongrian  of 
Selgium  and  the  Lower  Oligoccnc  of  Xorthem  Germany. 

A  very  considerable  number  of  vertebrate  forms  has  been  oh-  . 
tained  from  this  great  estuarino  series  of  ]>uh.   Teeth  of  Squad's  and 
MyJiohat€s^  and  scales  and  teetli  of  Lt i>i-fiisteiis,  abound  in  the  lower 
group.    Of  reptiles  wo  have  the  remarkable  Crocodilm  HastingsuXy 
Owen  (of  whioh  the  fine  Alligator  hcmtomentU  of  S.  Wood  is  beliered 

both  Owon  and  Huxley  to  be  only  a  variety).  With  this  Croco- 
dllian  we  have  also  in  the  lower  scries  of  estuarine  strata  a  number 
of  remarkable  Chelonians,  including  Trionyx  Henrici^  Owen,  T.  />>n'- 
hanr,  ( )wen.  T.  hiarijiiHttm,  Owen,  T.  rivosus,  Owen,  7\  phtmts^  Owen, 
7\  ritririnsHh-iittis-,  Owen,  with  Er/ijfs  r/v/.vw,  Owen,  and  I'J.  honhi  d- 
hmUf  iSeeley.  There  liavc  also  been  found  at  the  same  horizon  somo 
Ophidian  and  LaeaiHian  xemains  that  as  yet  remain  undeaeribed. 
In  tiie  Upper  series  of  estoarine  beds  lying  above  the  Brockenhnrst 
scries,  the  only  recorded  reptilian  form  is  the  Trwnyx  ineratttUw, 
Owon. 

The  study  of  tlic  Mammalian  fauna  of  these  beds  yields  some  facts 
of  considerable  interest,  The  beds  above  the  lirockenhurst  series 
have  yielded  four  species  of  Palaotlunum^  two  of  AnophUicriuiti^ 
one  of  Ch4gropotamuSf  two  of  JUyopoUnms,  and  one  of  Dichobune, 
The  beds  below  the  Brockenhurst  series  have  yielded  three  species 
of  PaUxotlurium^  all  distinct  from  those  of  the  beds  above,  with 
representatives  of  the  <i^encra  Pahtplolheriuniy  DicJiobune,  Miero^ 
clicrrvs^  Sptilacvdon^  J/ifa'tiodo/i,  and  DicIioJon.  There  also  exist 
in  the  British  and  AVoodwardian  Museums,  and  in  some  private 
collections,  undescribed  vertebrato  remains,  which,  when  carefully 
studied,  will  probably  throw  much  ^low  light  on  the  terrestrial  life 
of  this  period. 

In  1862  Prof.  Hcer  described  the  following  ten  species  of  plants 
as  derived  from  the  blaok  band  of  Hamstead  in  ilie  upper  of  the 
two  estuarine  series.  These  are  Scip'ot'd  Couttsice^  llovv.  CiiprriUs 
Fdffitsi,  Jleer,  Safxil  majo)-,  Vw^..  Ainlroiiu'da  reticvJnta,  Ktt.,  Xnhi- 
'pluta  Doris,  Heer,  Ni  hnnbiian  Uiu  h  'u^  Ett.,  Carj-xjlit^  ]V<  hMcri, 
BroDg.,  Carpoliks  rjlohulm,  Hcer,  Cliara  Esclieri,  A.  liroug.,  and 
Chora  tttbercwlaki,  Lyell,  var.  Of  these  no  less  than  six,  as  pointed 
out  by  Prof.  Heer,  are  well-known  species,  found  in  Switzerland  and 
elsewhere  in  the  Aquitanian  and  Tongrian  divisions  of  the  Tertiary 
series,  or  in  strata  which  are  now  classed  ^vitli  the  Oligoceno. 

In  tlic  lower  series  of  estuarine  strata,  or  Jleadon  group,  Gyro- 
,  gonitcs  arc  the  only  common  plant-remains.  One  of  the  forms, 
Chara  WriyJitii,  Turbes,  is  peculiar  to  the  Headon  group ;  and 
another,  C.  tuberaUaiaf  Lyell,  is  common  to  both  the  Bembridgo  and 
Headon  groups.  Mr.  J.  Btarkio  Gardner  records  a  feathor-palm 
from  these  beds*. 


*  Monngraph  of  the  SritisU  Eoceue  Flora,  Tal.  Soc.  1^79,  p.  '20. 
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YI.  SUBDIYIUOHS  AlTD  NOMZNCLAXTTSB  OS  XOB  SsBISS. 

Aooordiiig  to  the  cUunifioation  of  the  Tertiary  strata  nsnally  fol- 
lo^ed  in  this  oonntry,  it  is  necessary'  to  divide  the  fluvio-mariiie 
series  into  two  portions,  placing  one  in  the  Eocene  and  the  other  in 
the  Pliocene.  This  is  the  c^rouping  of  the  strata  followed  by  tlic  late 
Sir  Charles  Lyell ;  and  no  one  who  has  studied  the  faunas  of  tlio 
Hempstead  beds,  and  of  their  equivalents  the  Fontaineblcau  JSand- 
etone  of  tiie  Paris  basin,  and  the  Kupelian  of  fielginm,  can  for  one 
moment  doubt  that  this  ohunfication  is  well  founded.  The  fauna 
of  the  Fontainebleau  Sandstono  and  of  the  Kupelian  being  unques- 
taonaUy  more  closely  related  to  the  Miocene  than  to  the  Eocene,  it 
is  quite  impossible  to  accept  the  grouping  adopted  by  the  Geological 
f^urvey,  and  followed  in  most  English  text-books  of  geolog}',  and  to 
extend  the  Eocene  or  Nummulitic  scries  upwards  so  as  to  embrace 
beds  containing  such  faunas  as  those  of  the  Erockenhurst  and  Hemp- 
stead series. 

On  the  other  hand  the  inconvenience  of  hraaktng  up  so  natural  a 
group  of  strata  as  that  which  the  fluvio-marine  beds  of  the  Hamp- 
shire basin  manifestly  constitute  is  apparent  to  every  one  :  and  it  is 
doubtless  this  conviction  which  has  operated  in  ]irevcntiiigllie  general 
acceptance  of  the  Lyellian  classification.  It  lia.s  bei'ii  felt,  and  rightly 
too,  that  no  such  break  in  continuity  exists  between  the  Hempstead 
and  Bembiidge  strata  as  would  warrant  their  being  placed  in  distinct 
divisions  of  &e  geological  series. 

Fortunately  a  method  of  classification  is  open  to  us  which,  while 
it  does  not  break  up  this  natural  group  of  tlie  Fluvio-marine  of  the 
Hampshire  basin,  yet  enables  us  to  refer  its  members  to  divisions  of 
the  geological  series  which  have  lu  on  based  on  the  careful  and  exact 
study  of  the  faunas  of  the  Tertiary  strata  all  over  Europe.  This 
classification  completely  satisfies  the  apparently  opposing  require- 
ments of  the  physical  geologist  and  the  polsBontologist. 

In  the  year  1854  Prof.  Beyrich,  in  dt  scribing  the  nature  and 
affinities  of  the  fauna  which  was  yielded  by  the  Tertiary  beds  of 
Northern  Germany,  pointed  ont  that  the  same  rlifHcnlty  i.s  fountl  in 
defining  wlielher  they  should  bo  regarded  as  Mocono  or  ^lidconc  as 
is  the  ease  with  the  English  strata  which  we  are  now  considering. 
He  farther  showed  how  recent  disooreries  had  added  greatly  to  tho 
importance  whioh  must  be  attached  to  the  beds  on  this  horizon, 
beds  which  he  has  demonstrated  to  be  represented  by  deposits  of 
great  thickness,  not  only  in  Hampshire  but  in  the  Paris  basin,  Bel- 
gium, theMuyence  basin,  and  Northern  (rormany  ;  and  he  suggested 
that  these  strata  form  a  division  of  .such  conso(juence,  and  containing 
a  fauna  so  distinct,  that  they  deserve  to  be  erected  into  a  new 
grand  division  of  the  Tertiary  series.  For  thia  division  of  the 
geological  series  Prof.  Beyrich  proposed  the  name  of  *' Oligocene,*' 
a  term  formed  on  the  same  princixde  as  was  adopted  by  Lyell  in 
devising  names  for  the  other  divisions  of  the  Tertiary  strata. 

This  division  of  the  Tortiarj*  series,  to  which  Beyrich  applied 
tho  name  of  Oligoccue,  has  now  como  to  be  very  generally  recog- 
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nized  on  the  Continent.  It  has  been  bhown  that,  not  only  in  the 
difitricta  in  which  its  existence  was  first  made  known,  but  also  in 
SwitMrland,  Italy,  and  Kiuigar)%  deposits  are  Ibntad,  Mvmetimea 
attaming  a  thickness  of  seTenl  thoaaandB  of  ftet^  wldeh  oontain 
tiie  same  wcll-characterixed  fiiiina,  ;ind  must  be  referred  to  the  same 
division  of  the  geological  series.  And  by  tlic  biboiirs  of  Beyrich, 
Von  Koncn,  Sjindlx^rtrcr,  Mayor,  Von  i[:intlvoii.  nnd  many  other 
pala'ontolojristH  our  knuwlodge  of  the  extent  and  peculiarities  of  the 
fauna  ha^  been  greatly  enlarged. 

The  marine  &ima  of  the  Hempstead  beds  nnqnestioiiably  agrees 
in  the  closest  manner  with  that  of  the  Fontainebleau  Sandstone,  the 
Ihipelian  of  Beljrium,  the  marine  sand  of  the  Mayenee  basin,  and 
the  clays  of  lleimsdorf,  Cassel,  &c.  in  Northern  Germany.  All  of 
these  strata  are  now  recognized  as  bdonging  to  the  Middle  Oli- 
goccne. 

The  iirockeuhurst  beds  contain  a  rich  fauna,  the  analogues  of 
whichy  as  we  have  seen,  are  not  lirand  in  the  Paris  basin  (whevs 
the  strata  et  this  horizon  are  of  fteshwater  origin),  but  whioh  find 

their  exact  representatives  in  the  Lower  Tongrian  of  Belgium  and 
ihe  Clays  of  Lattorf,  Egeln,  and  Helinstadt  in  Northern  Germany. 
These  coiiHtitnte  the  Lowor  (livi.sion  of  the  OIigoco!)e, 

^Vith  regard  to  the  Ixds  which  uiidorlio  the  Broekenhurst  series, 
those,  namely,  of  Headoii  Hill  and  liordwell  Cliff,  there  is  equally 
little  room  for  doubt.  They  unquestionably  represent  the  **  Zone 
of  Oerithittm  eoncmmm/*  which  was  long  ago  recognized  as  exist- 
ing in  the  Paris  basin  by  Prof.  H^rt,  and  of  which  the  import- 
ance has  been  more  recently  demonstrated  by  Dr.  G.  Mayer  and 
Prof.  Sandberger.  On  one  |K>int  some  little  difference  of  opinion 
may  still  exist — iiiimdy,  as  to  whether  the  strata  of  the  Zone  of 
Cerithinm  concavam  sliould  be  placed  in  the  Eocene  or  Uligocene. 
As  we  have  already  pointed  out,  a  study  of  the  marine  forms  which 
they  oontain  proves  that  the  fieinna  is  intermediate  between  those  of 
the  Barton  and  Broekenhurst  scries.  Botii  Dr.  Mayer  and  Prof. 
Sandbcrger  incline  to  the  view  that  they  should  be  grouped  with 
th(<  Bartonian,  and  rcirnrdod  as  an  iip])er  member  of  that  division. 
In  this  country,  on  the  other  hand,  as  also  in  the  Paris  basin,  the 
.evidence  a}>}>ears  to  me  to  point  in  the  other  direction,  and  I  can- 
not but  regard  this  Zone  of  CenOiium  concmnnn  as  the  base  of  the 
Ohgooene — a  fkfw  which  is  shared  by  Prol  Beyrich  himself.  As  a 
matter  of  fact,  the  fiinna  of  the  beds  in  question  is  so  strictly  inter- 
mediate in  character  between  the  Barton  and  the  Broekenhurst 
finmas,  that  it  may  bo  regarded  as  a  question  of  convenience 
whether  they  should  bo  groiiinn^l  ^vitli  one  or  the  other.  In  this 
country  there  can  be  no  doubt  that  con\  enicneo  demands  that  they 
should  be  grouped  with  the  other  iluvio-marine  beds. 

In  dealing  with  the  dassifioation  of  the  Oligocene  strata  of  the 
Hampshire  basin  it  is  desirable  to  retain  as  for  as  possible  the  local 
groupings  whioh  are  already  familiar  to  geologists,  only  making 
such  corrections  as  tlie  new  facts  discovered  concerning  the  succes- 
sion of  the  strata  prove  to  be  absolutely  indispensable. 
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Pint  in  importance  we  have  the  strata  containing  the  three  marine 
faunas,  which,  as  we  hare  seen,  aie  so  well  characterised  and  are  so  di- 
stinct from  one  another.  The  name  of  Bartonian  is  now  ncrept<Hl 
eveiTwhcrc  for  the  strata  containing  the  first  and  lowest  miirine  fauna 
andtheir  continental  equivalents.  For  the  beds  whicli  contain  thesccoW 
marine  fauna,  I  have  proposed  the  name  uf  the  Brockenhurst  series. 

Per  the  beds  oontauung  tiie  Utird  and  highest  marine  firana,  I 
propose  to  letain  the  name  of  the  Hempstesd  series.  It  is  a  veiy 
unfortunate  oirenmatanoe  that,  in  selecting  this  name.  Prof.  Edward 
ForheB  was  lahouring  under  a  mistake.  As  I  have  alrciuly  pointed 
out,  llamstead,  in  the  Isle  of  \Vip:ht,  is  spelt  in  a  difi'erent  manner 
from  tliat  of  the  well-known  London  suburb  ;  while  the  name  of 
Hcmpsload  is  not  only  quite  miknowu  iu  the  Isle  of  Wight,  but 
belongs  to  looalities  in  Essex  and  Heriilbrdshire.  NereriJieless  the 
inoonTonience  of  ehaaging  a  name  which  has  been  so  generally 
adopted  both  in  this  country  and  abroad  is  so  manifest  that  I  do  not 
projwse  to  interfere  with  it.  It  is  desirable,  however,  to  restrict  its 
application  to  the  more  purely  marine  strata  constituting  the  upper 
100  feet  of  the  section  in  the  Isle  of  Wight.  The  grounds  on  which 
Prof.  Forbes  separated  the  estuarine  marls  below  the  marine  strata  of 
Hamstead  from  the  Bembridge  mads  below  ean  now  be  ahown  to  be 
wy  nnsdbstantiaL    The  ooooirence  of  a  lignite  seam  like  the 

Black  hand "  of  the  Hempstead  series  is  too  common  a  cironm- 
stance  in  the  case  of  these  fluvio-mariue  beds  to  warrant  us  in 
making  it  the  limit  between  two  series  of  strata ;  while  the  first 
appearance  of  Ni/drohia  (or  llissua)  Chasttlii,  to  which  Prof.  Forbes 
attaches  ao  much  importance,  loses  its  significance  now  that,  as  is 
shown  by  Prof.  Sandberger,  the  shell  in  question  is  recogni2c(l  as  a 
freshwater  f  onn  belonging  to  the  genns  Euehilus, 

In  dealing  with  the  estoarine  strata  which  separate  these  tiiree 
marine  groups,  the  Barton,  the  Brockenhurst  and  the  Hempstead, 
I  am  impressed  with  the  desirability  of  avoiding  the  multiplication 
of  names  for  small  and  local  groups  of  these  strata,  where  no  good 
pala)ontological  grounds  c;m  be  shown  for  such  di\'isions.  The  strata 
are  so  inconstant  in  their  mineral  characters,  and  it  is  so  manifestly 
impossible  to  trace  them  at  the  surfkce  by  the  methods  at  the  com- 
mand of  the  geological  surreyor,  that  sudi  minute  subdivision  of  the 
beds  can  tend  only  to  the  confusion  rather  than  to  the  elucidation  of 
their  relations. 

1  thoiefore  i)roposo  to  extend  tlic  name  of  the  Headon  series  so  as 
to  cover  all  the  bods  between  the  Barton  and  the  Brockenhurst  series, 
and  to  call  all  those  strata  which,  as  wo  have  seeu,  belong  to  the 
palaiontological  Zone  of  Ceriihium  eoneavwn,  the  Headon  group. 
The  diTisions  of  Upper,  Kiddle,  and  Lower  Headon  cannot,  as  I  shall 
show,  be  traced  to  any  distance ;  and  we  therefore  regard  the  aban- 
donment of  these  smaller  subdivisions  as  an  actual  advantLigc.  The 
Hcadou  grouj).  as  now  constituted,  will  embrace  the  whole  of  the  truo 
Jleadon  strios,  witli  certain  otliers  both  above  and  beloAV  it. 

To  ail  the  beds  between  the  lirockenhuist  and  Hempstead  series 
I  propose  to  apply  the  name  of  the    Bembridge  group/'  which  also 
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indndes  strata  both  above  and  below  the  "  Bembridge  series  of 
Edward  Porbea*  It  IneliidM  sol  oafy  tlie  Bembndge  limestone  amd 
mark  of  that  antiior,  Imt  abo  beds  rafinned  by  bim  to  the  base  of 

the  Hempstead,  the  Osbome  and  St.  Holcns,  and  to  the  Upper 
Headon.  These  great  changes  in  the  classification  and  nomencla- 
ture of  the  strata  are  rendered  absolutely  necessary  by  the  discovery 
that  has  been  made  of  the  error  in  the  existing  views  of  the  succes- 
sion of  the  strata. 

With  trngteti  to  EoiWa  diiPiBioiL  of  the Oabome  and  St  Helen's 
aeries,"  I  think  that  it  had  better  be  given  np  altogdiier,  and  on  the 
following  grounds : — First,  there  are  no  good  characters,  either  phy- 
sical or  palceontological,  by  which  this  division  can  be  defined. 
Secondly^  the  separation  of  this  division  from  those  above  and  below 
it  has  been  found  so  difficult,  that  even  in  the  different  publications 
of  the  Greological  Survey  very  serious  discrepancies  exist  as  to  the 
limita  of  the  seiies;  and  thirdlvj  tinder  this  name  beds  lying  bdow 
the  Brockenhnxst  series,  as  at  Headon  Hill,  have  been  oonfoimded 
with  otliecB  on  a  totally  difforent  boriion,  abore  the  Brookenhnist 
aeries. 

VIL  TmoKmpBS  ov  xsa  Skbaxa.  axd  thub  BafSLonmr  n 

mmBuiT  ABBis. 

Immediately  above  the  riehty  f ossililiBroas  Barton  day  we  find  a 

series  of  sandy  strata  with  snboidinate  argillaceous  beds.  At  Alum 
Bay  these  strata  attain  a  very  considerable  thickness,  which  has 
been  variously  estimate  at  from  100  feet  to  200  feet ;  it  is  probably 
not  less  than  150  feet.  These  Hcadon-HUl  sands  are  usually  called 
the  Upi>er  Bagshot  beds ;  but  it  appears  to  me  that  it  cannot  but 
be  a  source  of  confusion  to  base  our  classification  of  the  Upper 
Eooene  strata  on  the  poorly  fossQifeions  deposits  of  the  London 
basin  rather  than  on  the  richly  fossiliferous  deposits  of  the  Hamp- 
shire basin.  It  is  tme  that  at  Alum  Bay  the  Hoadon-Hill  sands 
have  not  yielded  any  fossils;  but  the  equivalent  IkxIs  at  HordwcU 
Cliff  contain  a  by  no  means  scanty  fauna,  in  which  we  find  the  same 
admixture  of  marine  and  freshwater  forms  which  characterizes  the 
overlying  Hcudon  strata.  As,  moreover,  we  detect  in  these  beds 
the  eminently  characteristio  fiossil  CeriikUm  oonAnmm,  it  seems 
dear  that  we  mnst  regard  tiiem  as  constitating  the  lowest  member 
of  the  Headon  groiq^. 

The  Headon  group,  as  exhibited  at  the  western  extremity  of  the 
Isle  of  Wight,  is  about  4U0  feet  in  thickness.  It  consists  in  the 
upper  part  of  freshwater  and  terrestrial  beds, — beds  of  limestone 
containing  Limnaa,  Paludina,  FUinorbis,  and  other  pulmoniferous 
Gasteropods,  altematinjg  with  sands  and  dajs  oontaining  freshwater 
fiisrili,  while  beds  of  lignite,  sometimes  a  root  or  two  in  thickness, 
indicste  old  terrestrial  surfaces.  Bat  in  all  tlie  lower  part  of  the 
series  we  find  a  tendency  to  the  recurrence  of  braekiijh -water  condi- 
tions ;  and  in  theae  intercalated  fluvio-marine  bands  we  find  nomeious 
Cerithia,  Cyretue,  and  dwarfed  Ostreot, 

Q.  J.  (x.  S.  2(0. 142.  s 
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Comparative  Vertical  Sections  of  the  OUgocene  Strata  of  the  SatnjMhire  Basin, 

(Scale,  f  inch  to  100  feet.) 

Saat  End  of  Isle  of  Wi«ht.      West  End  of  Isle  of  Wight.  New  For«it. 
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I.  Horizon  of  Plant-romnins  flo^mhprl  h\  Mr.  Penfrelly  and  Prof.  ITecr ;  II.  Ilnrizon 
of  bed  oontnining  Insect  and  Cru.st.ioeiia  "nuuaius  diacovered  bj  Mr.  A' Court  iSmith; 
lU-  JSJ^V^^"  "I c  ontaining  Crocodihan  and  other  BeptUiaa  nmaioB  at  Hoidwell : 
IV.  Moiuoa  of  bed  with  M^mm^u^f^  rameiae  at  HordweU. 
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When  the  beds  of  the  Headon  p^roup  are  traced  over  to  the  oppo- 
site coast  of  Hampshire,  thoy  aro  fouud  at  Hordwell,  apparently 
duninisbed  in  tbicknew;  and  here  we  Itave  evidenoeof  tihe  exiitenoe 
of  nnmeroiu  reptitian  and  mammalian  fbnna  of  life  wliicli  do  not 
occor  in  the  iBle-of-Wight  strata.  Unfortunately,  howerer,  the 
exposure  is  incoraplote,  only  the  lowest  100  feet  of  the  group  being 
seen  in  the  cliff  section.  The  correspondence  both  of  the  freshwater 
and  brackish  forms  of  the  MoUusca  at  TIeadon  Hill  and  Hordwell  is 
perfect,  and  leaves  no  room  for  doubt  that  the  two  series  of  strata 
are  upon  the  same  geological  horizon. 

When  we  pass  to  the  eastern  extremity  of  the  Ide  of  Wig^t,  we  find 
at  Wliitocliff  Bay  a  very  different  series  of  strata  from  that  exposed 
at  Headon  Hill.  Immediately  below  the  well-marked  Brockonhurst 
series  at  Whitecliff  Bay  wo  have  a  series  of  days  and  lij^iites  with 
some  bauds  of  ironstone,  which  appear  to  be  entirely  of  freshwater 
origin.  These  are  estimated  by  Mr.  Trestwich  at  92  feet  in  thick- 
ness ;  but  the  officers  of  the  Surrey  make  them  only  40  feet.  Hy 
own  measnrements  indicate  a  thickness  intermediate  between  these 
two  amounts,  namely  about  60  feet.  Below  these  we  have  200 
feet  of  sands  usujdly  identified  with  tlie  IT  adon-Hill  saiida,  but 
which  I  cannot  but  rep^ard  as  rcprescntini;  all  the  lower  part  of  the 
Headon  j^roup.  Unfortunately  they  do  not  contain  any  fossils,  with 
the  exception  of  the  casts  of  a  few  undeterminable  bivalves.  As  is 
wdl  known,  the  Barton  series  is  Tory  imperfectly  represented  aft 
Whitediff  Bay,  and  it  is  diffiooltto  draw  a  boundary  eitiier  b^een 
the  Bracklesbam  and  the  Barton  beds  or  between  the  latter  and 
the  overlying  fluvio-marine  strata. 

The  Brockcnhurst  series  is  represented  at  "VNliitecliff  Bay  by  100 
feet  of  purely  marine  strata.  The  identity  of  these  with  the  beds 
of  the  New  Forest,  so  well  worked  out  by  Mr.  Edwards  and  Herr 
Yon  Konen,  has  already  been  recognized  by  Mr.  fiBher*  and  by 
Messrs.  Jenkins  and  Godringtonf.  At  Chdwell  Bay  this  marine 
series  is  redoced  to  a  thickness  of  25  feet;  but  the  number  of  its 
fossUs  is  80  great  as  to  render  its  correlation  with  the  Brockenhurst 
beds  unquestionable.  In  the  New  Forest,  unfortunately,  we  have 
no  clear  sections  showing  the  thickness  ami  succession  of  the  Brock- 
enhurst series.  A  well-section,  observed  by  Mr.  Henry  Keeping  and 
recorded  by  Mr.  Wise  in  Ins  work  on  the  New  Forest,  shows  tihat 
the  tiudmess  of  tUs  marine  series  is  certainly  not  less  than  at 
Colwell  Bay.  Considering  the  wide  area  over  which  the  fossils  of 
this  horizon  have  been  found,  the  thickness  of  the  Brockenhurst 
series  m  the  New  Forest  is  probably  very  considerable. 

The  Bcmbridge  group  consists  of  a  series  of  beds  which  at  the 
western  end  of  the  Isle  of  Wight  attain  a  thickness  of  more  than 
260  feet.  In  the  midst  of  the  series  occurs  the  well-known>  lime- 
atone  of  Bembridge,  having  a  thickness  of  about  25  feet.  We  may 
distinguish  the  beds  aboye  and  below  the  Bembridge  Limestone 
TSspectiTely  as  the  Upper  ud  Lower  Bembridge  Marls.  The  Lower 

»  Quart.  .Toum.  Geol.  Soe.  vol.  zriii.  (1862) p. 67. 
t  IbiiL  ToL  jcdT.  (1868)  p.  619. 
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Bembridgc  Marls  separate  the  Bembridge  Limestone  from  the 
Brockcnhurst  series,  and  are  about  100  feet  in  thickness.  Their 
fimfls  are  entirely  such  as  lived  in  freak  water.  The  Upper  Bemr 
bridge  Marls  are  abont  190  feet  in  thickness  (indoding  the  lower 
parte  of  the  heds  formerly  referred  to  the  Hempstead  series),  and 
are  much  more  richly  fossilifcrous  than  the  Lower  Bembridge  Marls. 
Near  their  base  and  at  a  little  distance  above  the  IJembridge  Limc- 
stono  occurs  the  bund  of  fine-grained  limestone  which  has  yielded 
to  Mr.  A'Couit  Smith  such  a  large  number  of  crustacean  and  insect 
remainB,  some  of  which  haye  been  described  bj  Dr.  Woodward* 
and  the  Bey.  P.  B.  Brodief.  In  the  higher  part  of  the  Upper  Bern- 
bridge  Marls  there  occurs  a  lignite  bed  (Black  Band)  which  has 
yielded  a  considerable  number  of  plant- remains  +.  At  the  eastern 
extremity  of  the  Isle  of  Wight  the  Bembridge  group  is  nowhere 
exhibited  in  its  entirety,  but  the  thickness  of  strata  above  the 
Brockeuhurst  series  is  found  to  be  220  feet. 

The  Lower  Bembridge  Harls  are  here  about  140  feet  in  tibiek- 
nesB,  and,  as  at  the  western  extremity  of  the  Isle  of  Wight,  con- 
tain bnt  few  fossils,  and  these  entirely  of  freshwater  species.  But 
at  one  point  at  the  east  end  of  the  Isle  of  Wight  (namely,  between 
Bydo  and  St.  Helens)  these  lower  beds  of  the  Bembridge  group 
assume  a  totallv  distinct  character,  and  are  seen  as  strata  of  sand 
and  Bandstone,  occasionally  passing  into  conglomerates.  To  the 
upper  part  of  this  arenaceous  representative  of  the  Lower  Bembridge 
ICarls,  Prof.  Forbes  gave  Ute  name  of  tiie  St.  Helen's  Sands  ;**  and 
the  lower  part  he  owed  the  "  Nettlestone  Grits."  The  Bembridge 
limestone  is  xery  constant  in  character  and  thickness  wherever  it  is 
seen  in  the  Isle  of  Wight.  Tlie  Upper  Bembritlt^c  ^farls  at  the 
eastern  part  of  the  Isle  of  AVight  are  generally  similar  to  the  beds 
on  the  same  horizon  at  the  west  end  of  the  island  ;  but  about  5  feet 
above  the  top  of  the  Bembridge  Limestone  there  occurs  a  band  con- 
taining OsirecBy  Cytkerea  %w>rat8dia.  and  other  marine  forms  minted 
with  £reshwater  shells.  This  band  was  long  confounded  with  the 
"  Venns-bods "  of  Colwell  Bay  and  Headon  Hill,  its  distinctness 
from  tlicse  being  first  established  by  Prof.  Edward  Forbes.  Only 
about  M>  feet  of  the  lower  part  of  the  Upper  Bembridge  Marls  are 
exposed  at  the  cast  end  of  the  Isle  of  Wight. 

Although  the  Bembridge  Limestone  is  found  at  Sconce,  stretch- 
i  ng  beneath  the  sea  in  the  direction  of  the  Hnrst-Ctestie  promontoiy, 
and  isolated  exposures  of  Bembridge  beds  are  seen  in  Hampehirey 
yet  no  continoous  sections  of  the  Bembridge  group  are  found  in  the 
New-Forest  area. 

The  Hempstead  series  is  only  clearly  exposed  at  the  Hanistead 
and  Bpuldnor  Cliffs ;  but,  as  pointed  out  by  Mr.  Godwin -Austen, 
there  are  proofs  of  the  existence  of  these  beds  on  the  high  ground 
covered  by  Parichurst  Forest  §,  while  Br.  Wiltins  has  found  them 

*  Quart  Joum.  Gool.  Soc.  toL  ixxv.  p.  343. 

t  ProcWarwickfihireNat.  &  Archaol.  Fiold-Club,  1878. 

I  Quart.  Jouni.  Geol.  Soc.  v^d.  xviii.  p.  309. 
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on  the  Osbonie  estate  on  tiio  east  side  of  the  lledina*.  It  is  nob 
improbable  that  under  tho  ioitensiYe  beds  of  gravel  that  almost 
everywhere  conceal  the  Oligocene  strata  in  the  northern  part  of  the 

Isle  of  Wight,  the  Hempstead  beds  may  be  present  at  many  points. 
They  have  not,  however,  been  detected  on  the  north  side  of  the  Solent, 
Tho  portion  of  the  Hempstead  series,  as  now  limited  by  me, 
which  is  exposed  at  Hamatead  Cliff,  is  about  100  feet  in  thickness. 
Hie  inooming  of  bnuddBh-water  oonditions  at  the  base  of  the  series 
is  maxked  by  the  appeaxsnoe  of  numerous  forms  of  Cerithium  tad 
marine  MoUusca.  At  the  top  of  the  series  the  marine  forms  become 
much  more  numerous.  The  Hempstead  beds  represent,  as  we  have 
pointed  out,  tho  lower  part  of  tho  Middle  Oligoceuo ;  ^vhethe^  tho 
representatives  of  tho  remainder  of  tho  Middle  Oligocene  and  of  the 
Uppor  Oligocene  were  ever  deposited  in  the  Hampshire  basin  we 
have  iinfortonately  no  moans  of  determining.  It  is  intesesting, 
bowerer,  to  notice  tliat  the  Lower  Oligocene  and  tho  infierior  pcwtion 
of  the  Middle  Oligocene  deposits  are  in  this  coontiy  more  than  900 
leet  in  thioknesB. 

ym.  CoHCLimoir. 

'Whether  we  regard  the  enormous  thioknesB  of  the  beds  deposited 
during  this  portion  of  tho  Tertiary  epoch,  the  marked  and  distinetiTe 
characters  of  both  the  marine  and  terrestrial  faunas,  or  tho  vast 
changes  in  the  distribution  of  land  and  water,  of  wliieli  vrc  have 
such  clear  proofs  in  the  deposits  of  this  period,  it  must  be  admitted 
that  tho  01ij2:ocene  is  worthy  to  rank  amonj:^  tho  ^Tcut  divisions  of 
the  Cainozoic  epjch,  and  must  be  regarded  as  of  equal  value  with 
the  Eocene,  the  Miooene,  or  the  Pliocene. 

It  IS  dmr  lhat  at  the  oommenoement  of  the  Oligocene  period 
great  dhanges  must  have  taken  place  in  tho  physical  geography  of 
Europe  and  Asia.  Large  areas,  in  which  marine  deposits  had  been 
slowly  accumulating  during  the  Nummulitic  period,  wore  now  up- 
heaved and  forme<l  dry  land  ;  and  thouo;h  the  sea  from  time  to  timo 
re-invaded  these  areas,  the  deposits  formed  in  Europe  during  the 

*  Oligocene  period  were  to  a  great  extent  of  terrestrial  and  lacustrine 
origin,  wb^e  the  marine  strata  were,  for  the  most  part,  qnite  sub- 
ordinate to  these.  During  Eocene  times  marine  conditions,  dne  to 
oontinned  subsidence,  prevailed ;  and  during  Miocene  times  terres- 
trial conditions,  rosultinf^  from  elevation,  existed:  the  Oh'tjocene 

•  was  dej)osited  in  a  i)criod  of  oscillation  (one  of  enormous  duration) 
which  separated  thc«o  two  epochs. 

The  reusou  why  the  importance  of  the  marine  fauna  representing 
liie  Oligocene  was  so  long  overlodced,  is  to  be  sought  for  in  tho  dr- 
eumstance  that  marine  strata  of  this  age  are  usually  thin  and  sub- 
ordinate to  intercalated  fireshwater  or  estuarine  beds ;  and  the  fact 
that  the  strata  of  this  age  are  very  fr(  (juently  covered  ])y  thick 
suporfifial  accumulations  long  prevented  the  collection  and  study 
of  the  fossils  of  the  ])eriod. 

It  was  during  the  Oligocene  period  that  those  great  movements 
commenced  wMoih  resulted  in  that  folding  and  crumpling  of  strata, 
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BO  strikingly  exhibited  in  the  Alps  and  Himalayas  and  the  other 
great  ranges  which  eonstitote  fhe  axis  of  the  eastern  oontanent. 

At  the  same  time,  too,  began  those  volcanic  outbursts  alon;^  lines 
parallel  to  this  axis,  wliich  attained  their  climax  in  the  Miooene 
period,  and  have  not  yet  died  out  at  the  present  dny. 

The  ()li?ocene  was  a  period  at  which,  as  we  have  seen,  many  08- 
cillationH  in  the  level  of  the  land  and  sea  took  place  in  this  part  of 
the  globe,  elevation  and  subsidence  alternating  with  one  another 
again  and  again.  Henoe  we  find  the  thickness  of  the  several  do* 
posits  exhibiting  great  variations  within  very  short  distances.  In 
eastern  Europe  (Hungary  and  Transylvania)  the  Oligocene  strata 
attain  a  thickness  of  from  20n()  to  [MHU)  feet,  and  contain  numerous 
beds  of  coal,  one  of  which,  in  the  Tsilthal,  measures  no  less  than 
90  feet.  But  in  jN^orthem  and  Western  Euroi>e  the  Oligocene  is  re- 
presented by  a  series  of  delta  deposits  of  much  less  considerable 
thickness.  As,  however,  we  approach  the  grest  mountain  axis, 
where  the  maximum  amount  of  movement  has  taken  place,  we  find 
that  deposits  enormous  thickness  have  been  accumulated,  as  in 
Bavaria,  Switzerland,  and  Nurtliern  Italy,  where  beds  of  this  age 
attain  a  thickness  of  from  ]'j,(iU0  to  12,000  feet. 

That  the  Oligocene  must  represent  a  period  of  enormous  duration 
we  cannot,  after  what  has  been  stated  couceming  the  thickness  of 
the  deposits,  for  one  moment  doubt.  And  this  condnsion  is  folly 
sustained  when  we  come  to  study  the  marine  and  teirestrial  forms 
of  life  which  flourished  while  these  strata  were  being  accumulated. 
The  labours  of  IJeyrich,  Von  Koncu,  SimdborpT,  and  others  have 
now  made  known  to  us  a  marine  fauna  consistinj:?  of  several  thou- 
sands of  species ;  and  this  fauna  is  found  to  he  clearly  distingui^hed 
alike  from  that  of  the  Eocene  below  and  that  of  the  Miocene  above. 
The  reasons  why  Lyell  failed  to  recognize  this  great  fauna  and  to 
include  it  in  his  scheme  of  classification  of  the  Tertiary  strata,  we 
have  already  pointed  out.  The  terrestrial  fauna  and  flora  of  the 
Olijrofeno  is  also  as  distinct  from  those  of  the  I'orene  and  ^Miocene 
respectively,  as  is  the  marine  tauna  ;  and  the  characteristic  Oligo- 
cene terrestrial  fauna  and  flora  have  been  recognized,  not  only  in  the 
Eastern  continent,  but  in  Korth  America. 

That  which  has  been  asserted  of  the  Oligocene  formation  gene- 
rally, may  be  maintained  with  equal  truth  conceniing  its  represen- 
tatives in  these  islands,  the  fluvio-marine  strata  of  the  Hampshire 
basin.  Tliese  strata,  although  they  unfortunately  furnish  only  a 
fragmentary  record  of  the  earlier  jxirtions  of  the  Oligocene  i)eriod, 
are  nevertheless  between  ftOO  and  iXM)  feet  in  thickness.  They  con- 
tain  a  marine  fauna  and  a  terrestrial  fauna  and  flora  agreeing  in 
the  most  perflBCt  manner  with  those  of  the  continental  Oligocene ; 
and,  moreover,  the  great  zones  of  life  determined  in  the  latter  can, 
as  we  have  pointed  out,  he  clearly  recognised  in  the  former.  like 
the  continental  01i<roceue  strata,  our  fluvio-marine  bod*?  were  evi- 
dently deposited  durinfj  a  jieriod  of  oscillation  which  followed  the 
long-continued  submergence  of  the  Eocene  or  Nummulitic,  and  pre- 
eeded  the  final  and  most  violent  of  those  movements  to  which  the 
plication  and  metiunoiphism  of  the  Alpine  rocks  bear  such  striking 
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tettimony,  movemeaiB  wludi  brought  abont  those  temrtriaL  condi- 
tions that  prevailed  over  m  large  an  area  in  Miocene  ti^^  Oftiiese 
great  movementB  we  are  not  ivifhout  illustrations  in  this  country ; 
for  strikinc:  evirlcnces  of  them  aro  ufForded  in  the  folded,  Uptilted, 
and  oceasioually  inverted  strata  of  the  Hampshire  hasin. 

AMien  it  is  further  renieni])ered  that  the  classification  of  the 
fluvio-marine  strata  in  our  Hampsliire  basin  has  always  presented 
pecoliar  difficulties  to  geologists,  uid  that  tox  a  long  time  no  coarse 
seemed  open  to  them  between  nnnatnrally  extending  the  bounds  of 
the  Eocene  so  as  to  embrace  them,  or  else  of  breaking  np  this  ho- 
mogcncons  mass  of  deposits  and  placin<^  one  part  in  the  Eocene  and 
the  other  part  in  the  Miocene,  1  think  we  may  assert  of  any  method 
which  avoids  both  of  these  inconvenient  arrangements  that  it  is  worthy 
of  the  most  serious  attention ;  and  if  1  have  nut  been  altogether 
unsnccessAil  in  the  manner  in  whidi  I  have  presented  the  subject, 
tiie  exact  agreement  of  oar  Hampshire  flnvio-marine  strata  witii 
the  lower  divisions  of  the  continental  Oligoeene  most  be  oleaily  ap- 
parent to  ever}  onr. 

It  is  of  course  a  matter  of  comparative  indilfcrcnce  to  geologists 
whether  they  classify  the  Cainozoic  deposits  in  three  or  four  great 
groups ;  but  I  maintain  that  the  thickness  of  the  strata  and  the  di- 
stinctness of  the  f aona  and  flora  of  the  Oligooene  are  such  as  to 
entitle  it  to  take  rank  as  a  great  system  by  itself  and  that  this  is  a 
more  nataral  arrangement  than  to  group  it  either  with  the  Eocene 
or  Miocene,  or  to  divide  it  between  those  two  systems  of  strata. 

It  is  no  answer  to  this  argument  to  assert  that  beds  aro  found 
forming  a  complete  transition  from  the  Eocene  to  the  Oligocene,  and 
others  which  bridge  over  the  gap  between  the  lattt  r  and  the  Miocene. 
As  onr  acqnaintance  with  the  geological  series  grows  over  widening 
areas,  snch  transition  deposits  will  constantly  be  discovered.  Pew 
will  be  bold  enough  to  assert  that  because  we  find  in  the  Vienna 
basin  a  continuous  series  through  the  !ifioceno  into  the  Pliocene, 
therefore  these  two  great  divisions  ought  to  be  g^ivcn  up ;  for  on 
such  grounds  every  possible  classification  and  terminology  of  geolo- 
gical deposits  would  have  to  be  abandoned.  I  argue  for  the  use  of 
tiie  t«nn  Oligooene  in  this  ooontry  becaose  its  conyenienee  has  been 
felt  and  demonstrated  over  a  large  part  ci  the  continent,  and  be- 
eanse  it  enables  us  to  get  rid  of  serious  difficulties  connected  with 
the  classification  of  a  very  important  part  of  oar  British  series  of 
strata. 

EXPL^VNATION  OF  PLATE  YH. 

In  Bg.  1  is  given  &/acsimiU  of  the  diagraiu  publiahed  in  Eorb^'s  '  Tertiary 
Flario-mariBO  Formstioo  of  the  Isle  of  Wight,'  p.  69.    In  this  seotion  no 

attempt  baa  been  made  to  nmintain  the  rclativf  proportions  betwopn  llu»  lieiglita 
of  the  several  difis ;  and  hence  several  serious  errors  are  coiuiuittod  in  joining 
the  different  strata  by  means  of  dotted  lines.  The  Headon-Hill  nnds  are 
npmented  as  occupying  not  only  the  whole  base  of  Hemlon  Hill  itself,  but  at 
being  largely  developed  in  Tot  land  I'ny.  Yet  a  careful  examination  of  the 
section  will  show  that  this  view  is  (pule  e  rroneous.  As  tJic  lloadon-Iiill  sands 
are  70  feet  beneath  the  marine  band  (Middle  Ilcadon).  we  ought,  if  Forbes's 
Tiew  of  the  identity  of  the  Colwt  ll  Tlay  and  the  Ileadon-Ilill  marine  beds  be 
Ihe  correct  one,  to  i^d  them  in  lutiaud  iiay ;  for  there  are  120  feet  of  strata 
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between  the  Colwell.Bay  marine  baiul  and  tlie  ahore  at  Totknd  Bay.  HenOe 
ForbeewM  AiUy  jurtified,  tiJdnp  bis  interpretation  of  the  section,  in  p!lfteiiH| 
the  Headon>Hill  sands  where  ho  did  ;  una  the  f:ict  of  their  abwDOO  aft  tiUB 
point  is  olear  proof  that  he  was  mistaJten  in  his  internrelation. 

In  fig.  2  ^  twtical  and  horisontal  wjaieB 
between  the  several  heights,  as  fixed  by  the  new  Ordnance  Survey  llinn»  are  care- 
fully maintained.  Now  the  position  of  the  Bern  bridge  Limestone  on  Headon  llill 
is  found  to  be  260  feet  above  the  sea-level,  at  the  point  where  the  brackish-water  4 
strata  of  Heatlon  Hill  crop  out  on  the  shore.  The  vertical  sections  of  the  ^ 
Geological  Survov  the  dii*t:iiu't'  b«'(wcen  the  BombridjL'e  Limestone  and  the  • 
Headon-Hill  bruckibh-water  bed  a«  125  feet.  The  discrepancy  is  so  great  that  i  |t 
it  it  impoeriUe  to  aeoount  for  it  by  supposing  a  sudden  tnidnniing  and  diange 
in  character  of  the  whole  of  the  bcd.-^.  But  the  new  interpretation,  illustrated 
fay  the  dotted  lines  in  this  figure,  removes  all  difBculties,  and  the  strata  of 
Headon  Hill  are  brought  into  exact  oorrelatioii  with  those  of  Totland  Bwf.  •  k 

Unfortunately  that  part  of  the  section  in  which  the  Brockt  nhurtit  sericj*  would  :  "y^^ 

be  found  in  entirely  concealed  by  a  talus  from  the  beds  above  and  the  gravel 
which  caps  the  hilL 

In  fig.  3  the  same  section  is  drawn  upon  the  same  vertical  and  horiaootal 
•ealer  ao  tfaat  tha  exact  relatiomi  of  the  several  beds  are  clearly  shown. 

The  FBBnDSMT,  in  propofiiog  a  toteof  tiumks,  expressed  his  sense  :  ^ 
of  the  Talue  of  Piof.  Judd's  commnnicatioii. 

Prof.  Prestwich  said  that,  notwithstanding  the  ability  displayed 
in  the  paper,  he  was  not  yet  prepared  to  accept  all  tlie  conclusions, 
more  esix'ciully  as  regards  the  correlation  of  the  Headon-Hill  beds.  ,  , 
It  was  his  impression  that  the  Headon-Hill  sands  just  reappeared  in 
Totland  Bay,  and  that  the  variation  noticed  by  Trof.  Judd  in  the  u 
marine  beds  at  Headon  BSU  and  Colwell  Bay  might  be  due  to  the  , 
more  freshwater  eonditionB  which  prevailed  at  the  former  place.  irfj 
He  doubted  also  if  the  beds  at  Broickenhurst  quite  bore  out  Prof. 
Jiuld's  opinion.  It  must  be  remembered  thiit  tliese  beds  varied 
much  in  thicliness  and  in  character.  As  to  the  importance  of  the 
Oligocene  formation,  ho  quite  agreed  with  the  author. 

Prof.  Duncan  referred  to  the  contests  on  the  subject  of  the  term 
Oligocene  in  the  year  1863.  fie  had  studied  the  dassifioation  of 
these  beds  from  the  point  of  view  of  their  coral  fanna.  That 
showf  d  the  existence  of  a  formation  intermediate  between  Eocene 
and  Miocene.  Beds  in  Scinde  bore  similar  testimony  to  tho>o  of 
Europe.  This  was  reprost  ntcd  in  Britain  by  the  Brockonliurst 
fauna,  which  ho  had  considered  the  equivalent  of  the  Tongricn 
Inf(5rieur."  Ho  welcomed  therefore  Prof.  Judd's  classification  and 
acceptance  of  the  Oligooene. 

Hr.  Etheridob  said  Von  Konen  had  identified  the  Oligooene  in 
England  in  1S03.  He  thought  Prof.  Judd  had  gone  far  to  clear  up 
the  difficulty  which  every  student  must  have  felt  about  the  Colwell- 
Briy  beds.  After  rradiiig  tlic  details  given  by  Prof.  Judd  in  his 
paper,  it  miglit  be  ])ossible  to  form  an  opinion  as  to  the  reason  of 
the  remarkable  oscillations  shown  in  the  south  of  England  and  in 
Germany  by  this  series.  To  clear  np  some  of  these  difficnlties 
would  be  a  great  boon  to  the  Tertiary  geologist. 

Prof.  Seeij-:t  thought  that  Von  Ktinen  had  identified  the  Colwett- 
Bay  bed  with  the  Brockenhurst  [Prof.  Judd  explained  it  was  so ; 
but  he  had  identified  them  with  the  fieadon-Hill  beds  also].  There 
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was  certainly  some  parallelism  between  the  Middle  Headon  and  the 
BrockeuhiirBt,  though  less  than  between  the  Colwell-Bay  beds  and 
tlie  Brodkenhimt.  He  bad  therefozetlioiight  the  marine  floriflBn^^ 
be  one  whole  group  xepnsentiiig  the  Brockenbvnt.  He  inquired 
where  Prof.  Judd  proposed  to  dass  the  Upper-Bagshot  sands. 
He  asked  what  number  of  fossils  were  common  to  the  above  beds. 
He  objected  to  the  classification  of  the  Tertiary  strata  into  Miocene, 
01i<^occne,  Eocene,  &c.,  as  laying  down  laws  before  tlie  evidence  for 
tliem  was  in  cxLsteuce,  and  thought  it  was  better,  seeing  that  the  fossils 
ehanged  with  the  lociilitieB,  to  give  local  namea  to  the  fotmAtiooa. 

Ifr.  Tawhst  stated  Ur.  H.  Ke^ing's  obieotionB  to  the  identifloa- 
tion  of  the  Colwell  and  Headon  beds.  He  explained  the  greater 
number  of  species  in  Colwell  Bay  by  the  imperfsotion  of  the  ooUeo« 
tion  from  Headon  Ilill. 

Rov.  J.  F.  Blake  thought  that  the  assemblage  of  fossils  seen  in 
the  field  was  more  important  than  the  regarding  of  rare  fossils ; 
adding  that  he  thought  the  OdweU-Bay  bed  waa  distinct  from  the 
Headon-Hill  bed. 

Mr.  Gabdnbb  said  that  the  marine  conditions  seem  to  recede  to 
the  east  in  going  upwards  in  the  Ham])shire  Basin.  Examinaticm 
of  the  plants  would  lead  him  to  draw  the  base-line  for  the  Oligocono 
below  the  Bournemouth  beds.  He  thought  also  the  evidenco  of  the 
Hollusca  was  not  entirely  opposed  to  this. 

Mr.  WnrrAKEB,  after  speaking  of  the  advantages  of  the  large- 
soale  maps,  criticiBed  two  of  the  sections  on  the  wall  aa  diffi<mlt 
to  compare.  If  the  introduction  of  the  term  Oligocene  would  save 
debates  about  whether  a  set  of  beds  should  be  called  Lower  Miocene 
or  Upper  Eocene,  it  would  be  a  "boon ,  as  such  debates  were  profitless. 

Prof.  Judd  said  some  of  the  objections  now  raised  reminded  him  of 
those  brought  against  Eorbcs's  classification,  when  ho  proposed  to 
separate  the  Headon  from  the  Bembridge  series.  He  was,  however, 
convinced  of  the  accuracy  of  his  views.  To  Prof.  FMtwioh  he  said 
the  amoont  of  the  anticunal  had  been  exaggerated,  the  distance  of 
the  Bembridge  limestone  from  the  marine  band  on  Headon  Hill 
did  not  correspond  with  the  distance  at  Cliflf-cnd.  Just  where  the 
Colwell-Bay  beds  should  appear  on  Headon  Hill  the  ground  is  wholly 
masked.  In  his  paper  ho  had  referred  at  length  to  I)r,  Duncan's 
and  Von  Xouen's  work.  Ho  agreed  that  there  was  not  much  im- 
portance in  a  name ;  bat  the  term  Oligocene  was  eatablisbed  on  the 
oontineDt,  and  it  was  very  desirable  to  nse  it.  He  thought  the 
Upper  Bagshot  sands  which  contain  Ctrithium  eoneavum  should  be 
grouped  witli  the  Headon,  lie  thought  it  was  too  late  in  the  day 
to  gf't  rid  of  the  terms  Eocene  vSic.  ^Iv  did  not  agree  with  the 
idcntihcation  which  Mr.  II.  Keeping  had  made  of  the  shells  ho 
had  collected  for  Mr.  Edwards.  In  reply  to  Mr.  Blake,  he  said 
he  had  paid  special  attention  to  the  reprcsentatiYea  of  the  same 
genns  in  the  different  beds.  As  regards  Mr.  Gardner's  remarlu,  he 
said  the  position  of  the  land  in  Eocene  and  Oligocene  times  was 
iM lite  different ;  and  the  line  could  not  W-  drawn  where  he  placed 
it,  as  the  limits  of  the  groups  were  founded,  not  on  terrestrial,  bnt 
on  marine  faunas. 
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•^3.  On  the  GoBBSLATioN  of  the  DRiPT-BiPOflns  of  the  NoBTs-wvr 
of  England  wUh  those  of  the  Midland  and  'Easoxs  GomrziBe. 
By  D.  Maokiiiiosk,  Eeq^  f  .G.S.  (Bead  Januazy  7»  1880.) 

CuNTE.NTS. 

Introductory  Remarks. 

Southerly  Kxtensicm  of  the  Upper  Boulder-oUy  of  CheahiM  fte.  into  BonA 

Shropdiire. 

VrobeUe  BxteiuioD  of  the  Upper  Boulder-olfty  along  the  lower  eonne  of  the 

J^eviTii  valley. 
DUpertiioii  of  angular  debris  from  the  MalTem  HilU. 
Low-lerel  drifts  eonth  of  Woroeeter. 

Bedii^tributiun  of  Triaasic  Pebbles. 

Drift-deposiU  of  the  East-Midland  counties,  around  Nuneaton,  Coventry, 

Kenilworth,  and  Leamington,  and  in  Leioestershire,  Rutlandshire,  &c. 
Drift -deposit 8  around  Guiiislx)rough. 

Correlation  of  the  Drift<lepoaita  of  West  Yorkahire  with  thoN  of  LeoMMhue 

and  Cheshire. 
Oondading  Bemarki  and  Suggeitiona. 

Iiifrodiu'tori/  Jit  iitarl's. 

My  paper  on  boulders*,  in  the  t^iart.  Journ.  Geol.  Soc.  for  AiiEnist 
1879,  terminated  abruptly,  owing  it)  my  having  been  advised  to 
postpone  the  concluding  part,  on  the  Correlation  of  the  Drift- 
deposits,  which  will  form  the  main  suliject  of  this  paper.  Bat 
before  dismissing  the  special  subject  of  boulders,  I  would  refer  to 
a  letter  received  from  Mr.  Charles  Darwin,  F.B.S.  &c.  (who  was  the 
first  to  elucidate  the  boulder-transportinj^  aj^cncy  of  floating  ice),  con- 
taining^ an  account  of  tlio  great  Aslilcy-Heath  boulder  (see  p.  442 
of  paper),  which  he  was  the  first  to  discover  and  to  exjwse,  by  exca- 
vating on  one  side  and  beneath  it,  so  as  to  hud  that  the  block  rested 
on  fragments  of  New  Bed  Sandstone,  one  of  which  was  split  into 
two  and  deeply  scored.  I  have  little  doubt  that  this  boulder  went 
south  from  some  of  the  mountains  around  Ennerdale.  as  I  have  seen 
boulders  resembling  it  on  Dent  Jlill,  near  Cleator.  The  facts  men- 
tioned in  tlie  letter  from  ^Ir.  Darwin  would  .seem  to  show  that  the 
boulder  must  have  fallen  through  water  from  floating  ice  with 
a  force  bullicient  to  split  the  underlying  lump  of  sandstone,  but  not 
sufficient  to  crash  it. 

Southerly  Mkctention  of  the  Upper  Bonhler-day  of  Cheshire 

into  ^oiith  ^hro2ishire. 

In  the  western  part  of  the  plain  of  East  Denbighshire  and  Shrop- 
shire the  Upper  Boulder-clay  degenerates  into  a  loamy  gravel,  which 

*  At  p.  450,  lino  '2()  from  the  top,  for  "  CrifTol  granites"  read  "varieties  of 
Crifl'el  granite;"  and  at  line  24  from  the  top  of  the  same  page,  for  "  Eoulder- 
elaj/'  read  "  Lower  Boulder-day."  At  p.  453,  line  2  from  bottom  of  table,  for 
"mass,"  read  "lower  part."  At  p.  44.S  I  (iiii;lit  to  liave  mentioned  that  the 
distinguished  local  authority  on  the  striated  rock -surf  aces  around  Liverpool,  Mr. 
Morton,  F.O.S.,  had  reoenUy  been  led  to  doubt  some  of  his  former  opinioiia 
conecrning  their  origin,  and  to  fnvour  the  theory  of  flwttring  ice  (we  FroC 
Liverpool  Geol.  Soo.  lor  1876-77»  pp.  m). 
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ia  many  places  covera  the  middle  sand-and-giavel  formation,  aa 
aionnd  whittingfcon, Oaireetry,  fto.  Booth  of  EUesmere  it  oaprioiooaly 

caps  the  lai^  sand-and-gravel  moimds  (esken?),  ooven  portiona 
of  their  sidee,  or  lurks  in  the  hollows  between  them ;  but  the  sharp 
liue  between  the  upper  clay  aud  the  underlying  gravel  or  sand,  so 
strikingly  displayed  all  around  the  Irish  Sea,  is  frctjuently  absent. 
The  subglucial  mud,  or  source  of  supply  in  the  Lake-district  (to 
wldck  the  uniform  character  of  the  clay  over  extensive  areas  is 
chiefly  owing),  would  appear  to  haye  been  earned  by  the  onnents 
which  floated  the  boolder-laden  ice  in  a  southerly  direction  by  way 
of  Whitchurch  and  Shrewsbury  to  Berrington,  where  the  Upper 
Boulder-clay  is  scarcely  distinguishable  in  appearance  from  the 
horizontally  continuous  formation  in  Cheshire  and  Lancashire*. 
In  tho  extensive  clay-pits  lately  opened  near  tlie  Shrewsbury  new 
barraoks  the  clay  is  a  factmiU  of  the  Upper  Boulder-clay  of 
Cheahire  and  Lancashire,  and  the  same  in  composition  with  the 
exception  of  the  absence  of  lime,  which  apparently  did  not  find  its 
way  from  the  Carboniferous  rocks  of  the  southern  border  of  the  Lake- 
district  so  far  south  as  Shrewsbury.  In  these  clay-pits  there  is 
generally  a  sharp  liue  between  the  clay  and  the  underlying  sandy 
which  in  some  places  is  contorted,  and  which  is  said  to  reach  a 
thickness  of  90  feett.  Most  of  the  erratics  in  the  clay  are  from  the 
Welsh  bordeFB.  Not  more  than  one  ont  of  several  hundred  consists 
of  granite stones  are  generally  angular  or  subangular ;  and 
exceedingly  few  of  them  are  flattened  or  distinctly  striated.  Xear 
the  ferrj-,  a  short  distance  south  of  tho  Shrewsbur)-  Welsh  bridge, 
the  upper  clay,  somewhat  in  the  form  of  a  wrapper,  covers  a  large 
mound  of  shelly  sand  and  fine  gravel,  in  the  lower  part  of  which  several 
granite  (Eskdale  and  Criflel)  boulders  haye  been  found  (see  fig.  1). 
The  upper  clay,  more  or  less  underlain  by  sand,  is  well  represented 


I'ig.  1. — Section  near  the  ^Shrewsbury  WeUJi  Bridge, 


A.  Upper  day.  B.  Sand  and  fine  gnreL  O.  IMos. 


*  I  had  not  discoTercd  this  Foulhorly  extension  of  the  upper  play  when  my 
paper  on  sectiona  around  the  estuary  of  the  Dee  (Quart.  Joum.  GeoL  Soc.  for 
NoTember  1877)  was  written. 

t  The  sand  oontaine  streaks  and  fragments  of  coal. 

I  Grrinite,  however,  ii  rather  abundant  in  the  lower  nnitratified  gravd  of 

the  neighbourhood. 
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between  fiOifewsbory  and  WeUington*.  Frooi  the  neigliboiufaood  of 

Crewe,  Cheshire  (where  it  is  extensively  distributed,  in  many  placet 
oyer  middle  saurl),  it  attenuates  in  a  B.S.E.  direction  along  the  line 
of  railway,  and,  so  far  as  I  could  see,  disappears  at  the  water- 
parting  ;  and  on  desconding  towards  Stafford,  instead  of  clay  over 
sand-and-gravel,  sand-aiid-gravel  over  clay  gradually  makes  its 
appearanoe.  About  Stafford,  between  Stafford  and  Wdverh^pbon, 
and  along  the  Korth-weetem  Bailway  for  a  great  diatanoe  in  a 
B.8.E.  direotion,  sand  is  foond  over  day. 

Prchahh  Extension  of  the  Ujtper  Boulder-day  aloiiy  Uie  Lower 
Covtne  of  the  Severn  Valltij. 

It  is  not  necessary  to  suppose  that  the  maximum  surface -level  of 
the  Uppe(r-BoiiIdeiw)lay  sea  on  tiie  nottii  and  west  aide  of  the  great 
Wreikhi  and  Ashley  waterparting  was  lower  than  (say)  600  feet  above 
the  present  sea-level,  because  an  exhaustion  of  snpply  from  tiie 
great  northern  source  would  of  itself  prevent  day  from  crossing 
many  of  the  gaps  in  the  waterparting.  It  is  possible  it  may  have 
found  its  way  through  some  of  them  in  places  to  which  my  obser- 
vations  have  not  extended ;  and  I  have  noticed  the  appearance  of  a 
gradually  degenerating  extension  of  this  clay  from  Cressage  (where 
it  is  tolerably  representedX  through  the  deep  Ironbridgc  gap,  nearly 
as  far  south  as  Bowdley ;  and  it  may  possibly  have  found  its  way  stiU 
further  south.  Hero  and  there  the  clay  covers gravel-and-sand  with 
a  tolerably  distinct  line  of  separation  ;  but  in  raost  places  it  more 
resembles  a  clayey  wash  which  has  como  over  and  mixed  with  the 
upper  part  of  the  gravel  and  sand.  The  appearance  of  a  surface-clay 
iu  the  Severn  valley,  about  Buildwas  and  Eridgenorth,  was  long  ago 
noticed  by  Mr.  Maw,  F.6.8.,  whose  paper  in  the  Quart.  Joum.  GeoL 
80c.  (v<d.  zz.)  is  full  of  aoenrate  information  uid  valuable  sug- 
gestions. 

Dispersion  of  Angular  DShrisfrom  ihe  Malvern  Hills. 

In  my  former  paper  I  suggested  the  possibility  of  a  supplementary 
distribution  of  small  northern  erratic  pebbles  along  the  lower  course 
of  the  Severn  during  shallow-water  conditions,  a  few  larger  stones 
having j^r^iousZt/  found  their  way  to  higher  levels  at  least  as  far  south 
as  Sutton  (west  of  Hampton  I.oade  station),  and  probably  as  far  south 
as  Apperley  Court,  sonth  of  Tewkesbury.  It  would  appear  that  there 
has  been  a  comparatively  late  dispersion  of  ^Malvern  syenite  (so- 
called)  around  the  Malvern  hills  and  between  the  hills  and  the 
Severn.  This  syenite  composes  an  angular  drift  which  overlies  all 
the  other  deposits,  and  whidi  extends  to  low  as  wdl  as  to  high 
levels,  as  if  Ihe  dispersion  had  taken  place  after  the  present  confi- 
guration of  the  ground  had  oome  into  exisftencef.  Those  who  think 

*  The  considenUscaEpaoae  of  day  on  l^ughmond  Hill  tip  to  nearly  500  feet 

above  the  »ca  is  probably  on  tho  mine  horizon.  A  degetierato  attenuation  of  it 
may  bo  traced  as  far  flouth  as  Church  iStrctton ;  but  it  is  questiunable  whether 
it  be  represented  even  by  loamy  gravel  as  far  west  as  Llauymyuoch. 

t  Some  years  ago  I  had  opportunities  of  obMrrisg  many  aeotionB  of  drifts 
around  MaiTeni,  where  sow  ywj  few  are  eiposed. 
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that  this  uppermost  drift  could  only  have  been  distributed  by  a 
caase  operating  independently  of  the  hilLs,  will  require  to  have 
reooiine  to  the  idea  of  a  late  aabmergeaoe  the  land,  whieh  may 
hare  been  bieiight  alxmt  by  a  aoatherly  eoctemrion  of  the  Upper- 

Boulder-clay  sea.  Others  may  np^ree  with  the  eminent  local  authority, 
the  Rev.  W.  8.  Symonds,  F.G.S,,  in  believinj?  that  floods,  caused  by 
the  PUfMen  melting  of  snow  and  ice  on  the  Malvern  hills,  may  have 
been  sutficient  to  scatter  the  rock-frai,'ments.  I  h:ive  been  led  to 
believe,  Ixom  Air.  iSymonda's  obbcrvaUons,  that  Alaivern-biii  debris 
may  have  been  piefionaLy  diBtribnted,  during  the  aocomnlation  of 
the  hic^-lerel  days  and  graTelB,  whidi  (from  the  latter  oonsisting 
to  a  great  extent  of  Triassic  pebbles)  may  possibly  bo  on  the  horizon 
of  the  somewhat  similar  drifts  between  Wolverhampton  and  Bridge- 
north,  which  contain  northern  granite  boulders*,  and  are  probably 
equivalent  to  the  Lower  Boulder-clay  further  north. 

Ziow-20V02  Drifts  South  of  WoreesUr. 

Aoeoiding  to  Mnrohison,  Strickland,  and  Falconer,  the  following 
wonld  appc  ir  to  be  the  descending  order  of  deposits  near  the  river 
Severn  south  of  Worcester : — 

1.  Coarse  gravel,  with  blocks  of  Halvern-hill  syemtef  and  northern 

granite  pebbles. 

2.  Estuarine  sand  and  drift  gravel,  with  EkpTuu  primigeniuSt 

Mhinoceroi  tidborAtnatc,  reindeer,  &c.,  and  BeapSheUs,  indoding 
BuBa^  JmpuOof  and  OUua,  in  addition  to  shells  now  found 

around  our  shores. 

3.  Fluviatilc  deposit,  with  freshwater  shells  and  ElephM  anttsuicfy 

IlippopoUmu*  major,  &c. 

4.  Bod  marl. 

Ko.  1  may  possibly  have  been  deposited  during  the  northern 
Upper-Bonldeivelay  snbmergenee.  No.  2  may  have  been  deposited 
towards  the  dose  of  tho  first  submergence,  and  may  represent  the 
middle  sand  and  gravel  of  the  north.  The  three  shells  now  found 
in  warm  latitudes  (if  correctly  identified)  might  be  regarded  as  in- 
dicatiug  a  mild  interglafial  ])oriod.  In  tho  section  there  is  nothing 
to  corres]>ond  to  the  Lower  Boulder-clay  of  the  north  ;  but  it  ought 
to  be  rccoilect-od  that  in  the  midland  counties,  and  even  in  the  north, 
it  is  often  represented  by  gravel,  and  in  some  plaoes  not  represented 
at  aU.  The  low  level  at  which  the  fluviatile  deposit  occurs  near  the 
ivesent  channel  of  the  Severn  (the  estuarine  shell-bed  above  it  being 
not  more  than  30  ft.  higher  than  the  river)  seems  to  show  that  in 
preglacial  times  the  level  of  the  river  was  vcr}"  nearly  as  low  as  at 
])rosent,  thus  indicating  that  the  Severn  valley,  with  its  wide 
alluvial  llats,  may  have  been  excavated  in  preglacial  times — in  this 
respect  corresponding  to  the  northern  valleys.   It  is  at  the  same 

•  A»  stated  in  my  former  paper,  grauite  boulders  were  found  in  high-level 
drift  at  Apperley  Court. 

t  The  RcT.  W.  S.  Synionds  has  elsewhere  found  Malvem-hill  d^>bri8  covering 
up  the  remains  of  extinct  Mammalia ;  and  the  faot  certatnhr  lends  support  to 
t&  idea  of  an  inlerglaeial  period,  daring  whidi  tfie  floinils 
a  ntam  of  cold  oonditioiis»  nUcih  omied  their  axtinotion. 
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time  possible  that  the  river  in  preglacial  times  may  have  been  chiefly 
oooapied  in  deepening  its  cbaiuiel,  and  tiitt  the  prooeis  of  widening, 
liy  lateral  nndermining,  may  hare  diiefly  oocorred  in  intorglaoial  and 
postglacial  times — ^in  other  woida,  after  the  aoemmilation  d  the 
high-loTel  dnfta. 

Rfdistn'hutum  of  Triassic  Pebbles. 

It  18  well  known  tint  south  and  south-cast  of  the  Wrekin  and 
Ashley  "waterj)artinf*  (as  well  as  around  the  wat^^rparting  itself) 
there  are  extensive  Triassic  pebble-beds,  which  have  been  broken  up 
and  redistributed  in  a  S.  and  S.£.  direction,  probably  for  the  most 
part  ty  ooeanic  cnrrents  and  waves ;  for  it  would  be  nnreasonable 
to  suppose  that  all  the  great  and  often  cont  iriu  )!  is  s^inds  of  pebbles 
could  liave  beennjwooted  and  transported  by  iioatingice.  Along  with 
Scottish,  Cumbrian,  or  Welsh  erratics,  they  may  be  seen  imbedded 
in  day,  loam,  or  sand  at  least  as  tar  south  as  Hromff'n-ove*.  Their 
distribution  must  tlierefore  have  taken  place  during  a  part,  if  not 
the  whole,  of  the  period  of  the  great  northom  boulder-disp^sions. 
It  is  worthy  of  remark  that  in  the  neighbonrhood  of  the  lower  oonrse 
of  the  Severn  many  sections  of  so-called  drift  consist  of  Triasaie 
pebbles  in  situ.  A  notable  instance  of  this  may  be  seen  in  Spring- 
Hill  p^ravel-pit ,  between  Bcwdlcy  aJid  XiddcmiinsftT,  which  contains 
no  drift  belonijint:  to  the  glacial  period  excepting  a  tew  local  fragments 
on  the  surface  and  the  harder  parts  of  limestone  burnt  ibr  manure  (?). 
It  is  likewise  worthy  of  remark  that  many  published  sections  of 
qnartzose  and  flinty  gravel  are  ealcnlated  to  mislead,  beoanse  their 
details  show  no  greater  changes  of  conditions  during  their  accumu- 
lation than  often  take  plaoe  in  a  few  days  on  a  sea-beach  subjected 
to  alternate  denudation  and  deposition. 

Drift-deposits  of  the  £ast-Midla)id  Couniiet. 

As  mriy  bo  gathered  from  my  former  paper,  the  area  between 
"Wolverhampton  and  Stafford  may  be  k  irarded  as  the  meeting- ground 
of  erraficH  from  the  N.N.W.  and  of  erratics  from  the  E.N.E.,  the 
former  chieliy  granite  and  tclstone,  and  the  latter  chiefly  Cretaceous 
and  Jurassic  d&ns.  Oyer  this  meeting-ground  both  sets  of  erratica 
would  appear  to  haye  been  precipitated  into  adrift-matrix  resulting- 
from  a  submergence  which  extended  round  the  Pennine  hills  from 
the  source  of  tlie  X.N.AV.  erratics  to  the  source  of  the  K.X.K.  erratics. 
From  the  area  between  Wolverhampton  and  Staiford  the  deposit 
with  Cretaceous  and  Jurassic  del)ris  (after  losing  its  erratics  from 
the  N.N.W.)  extends  over  the  east-midland  counties  until  it  gra- 
duates into  the  Chalky  day,  thus  rendering  it  probaMe  that  the 
Chdliy  Clay  is  on  the  same  horizon  with  the  deposit  ooutaining 
erratisa  &cm  the  N.N.W.  between  Wolverhampton  and  Stafford. 

*  Besides  large  boulders,  I  saw  iiianj  pebbles  of  Arenig  febtonc  imbedded, 
along  with  Trinssic  pebblcB,  in  loamy  claj  or  sand  between  Hagley  and  Cstahill. 
^Ir.  Amplilr-tt,  of  Cli  iit,  t.  lls  iii*>  that  tlio-.'  drifts  are  sometimee  separated  horn 
the  underlying  rock  by  a  distinct  line  of  demaroatioiL 
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This  deposit  I  have  hitherto  been  led  to  regard  as  a  southerly  con- 
tinaatioii  of  the  Lower  Boulder->cla7  of  Lancashire,  Gheshiro,  &o, 
(tee  my  former  paper,  and  the  oondading  part  of  this  paper). 

Jhift-depotUi  armmd  Nuneaton^  Coventry,  KenXboorih,  and 

In  this  area  the  drift-matrix  consists  of  redistributed  local  shale, 
day,  or  marl  belonging  to  the  Triassic,  Permian,  or  Carboniferous 
HonaAHoot.  The  stones,  in  addMon  to  qusrtsose  and  other  pebbles, 
ccosist  of  flints,  a  fsm  chalk  fragments,  and  erratics  fsum,  the  Pennine 
hills,  Charnwood  forest,  Hurtshill,  and  fragments  w  fossils  of  Jorassio 
rocks.  These  erratics  (which  chiefly  came  from  the  north  and  east)  are 
commonly  imbeddwl  in  what  is  locally  called  "  top  clay/'  of  a  brown  or 
rod  colour,  which  graduates  downwards  into  uuderlyin;]^  marl,  shale, 
Ac.  This  clay  contains  chalk  Hints  (rather  htfully  distribut<jd,  but 
generally  very  little  chalk  ddbris.  In  one  of  the  ^Bnilworth  gravel- 
pits  iSbB  ledeposited  Triassic  pebbles,  intermixed  with  large  angular 
chalk  flints  Uld  coal-dust,  graduate  downwards  into  a  pell-mell  local 
boulder-loam,  which  is  probably  the  equivalent  of  the  Wolverhampton 
and  Stafford  Boulder-clay.  At  Lillington,  near  Leamington  (in 
18G5),  the  red  marl,  with  a  few  stones  near  its  surfaro,  was  overlain 
by  a  mass  of  stratified  fine  gravel,  consisting  of  Triassic  pebbles, 
Oryphiie9,  &c.,  abofo  which  iheie  was  a  oonrideKable  thickness  of 
obUquely  laminated  fine  sand,  sormonnted  by  2  feet  of  day  with 
pebbles  (see  fig.  2).  In  1878  no  section  was  exposed  lower  down 


Fig.  2. — Stetion  ai  LiUington, 


A.  Compact  clay.  B.  Lumiuated  Sand. 

C.  Blnegnvd.  D.  Bed  marl. 

than  the  fine  sand.  At  the  Stoko-Hcath  clay-pits,  near  Covenfrj', 
the  clay  (which  contained  a  large  boulder,  probably  from  Charnwood 
forest)  here  and  there  graduated  into  gravel  on  the  same  horizon, 
and  contained  a  few  (but  only  a  few)  ahalk-fragments  and  dialk* 
flints.  Aromid  Nnneaton  the  clay  (with  trap  "  bonlders)  contained 
many  flint  chips  and  small  Triassic  pebbles,  but  scarcdy  any  dialk; 
and  (be  specimens  of  tho  clay  I  brought  away  with  me  did  not 
effervesce  with  ordinary  tests.  Near  Ru£^by  railway-station  (March 
Ibjy)  the  matrijL  of  the  drit't  seemed  to  be  locally  derived  clay,  chiefly 
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of  a  zed  or  brown  ooloor^  ivit^  great  maeieB  of  ohalk  imbedded  and 
paztiy  diepened  thnms^  tiie  day.  As  some  interest  attaches  to  the 

"wostem  boundary  of  what  may  be  called  the  true  Chalky  Clay,  I  may 
state  that  T  agree  with  'Sir.  Harrison,  F.G.S.,  in  believinp:  that  it 
does  not  extend  turthcr  west  than  Charnwood  forest :  and  I  like- 
wise believe  that  for  a  considerable  distance  east  of  that  boundary 
the  clay  itsell  in  of  local  derivation,  and  that  the  chalk-frogmonts, 
however  numeroiis  or  large,  are  enatioa  dropped  into  the  dlay 
by  floating  ice.  The  oocurrenoe  of  local,  indirectly  local,  or  erratie 
stones  iti  locally  workcd-up  shale,  niarl,  clay,  &c.  is  a  phenomenon 
not  confined  to  the  midland  counties  of  England.  It  may  be  seen 
exempliti.ed  around  Matlock,  Belper,  &c.,  southward  across  the 
central  plain  of  luiglaud  as  far,  at  lea.st,  as  the  Jurassic  escarpment, 
south-westward  at  least  as  iar  as  Usk,  Monmouthshire,  and  west- 
ward along  the  Welsh  valleys  as  far  as  St.  George  s  Channel. 

Drift-Deposits  of  Leicestershire^  Bvilandshire^  Sfc. 

Professor  Judd,  in  his  Survey  Memoir  on  the  geology  of  the  area 
lying  between  some  of  the  districts  above  noticed  and  Lincolnshire, 
describes  the  Boulder-clay  as  being  often  underlain  by  sand  and 
gravel  (with  brick-earth),  and  covered  by  gravel-beda,  which  are 
partly  intentzatifled  with  the  upper  part  of  the  Bonlder-day.  These 
gravcJ-beds  consist  of  stones  which  were  derived  firom  the  Bouldar- 
day.  The  clay  contains  more  and  more  chalk-fragmentB  and  flints 
eastwards,  until  in  some  places  it  becomes  almost  reconstructed 
chalk.  Professor  Judd  in  places  found  the  clay  graduating  into 
gravel  on  the  same  horizon,  jis  if  the  supply  of  clay  luid  become 
exhausted  while  the  stones  continued  to  be  carried  forward.  I 
had  previously  noticed  a  similar  gradual  replacement  of  clay  by 
stones,  bat  never  folly  understood  it  nntil  I  had  read  P^Fofaoaor 
Judd's  explanation,  which  ong^t  never  to  be  forgotten  in  tracing 
Bonlder-days  to  greater  or  lees  distances  from  their  sources  cX. 
supply.  He  describes  enormous  boulders  of  oolite  and  marls  tone, 
one  of  them  (on  Beacon  Hill)  being  (JOO  feet  in  diameter,  and  refers 
their  transportation  from  their  parent  rocks  to  the  period  of  the 
glacial  submergence.  They  aio  found  in  the  lower  part,  as  well  as 
on  the  surface  of  the  Boulder-day,  This  day  would  appear  to  be 
horizontally  continuous  with  the  great  boulder-beaiing  day  and 
gravel  in  the  neighbourhood  of  Wolverhampton.  In  the  British- 
Association  Boulder  Peport  for  1878,  Mr.  Molyneux,  in  describing 
the  boulders  west  of  Burton-on-Trent,  says: — "The  boulders  or 
rock-masses  occur  ])rincipnlly  at  from  three  to  ten  feet  below  the 
surface,  intermixed  with  blue  and  yellow  clay,  and  consist  of 
angular,  subangular,  and  rounded  fraspnenti  of  Cuboniftrous  lime- 
stone and  diert,  Yoredale  Sandstone, -Millstone  Grit,  ranites  [from 
the  Charnwood  or  Mount-Sorrd  district — D.  M.],  porphyrj ,  syenite, 
greenstone,"  &c.,  "  with  smaller  firagments  of  Liassic  and  Oolitic 
rocks."  Tn  many  parts  of  the  east<?m  midland  counties  there  is  a 
cousideralile  thickness  of  grayel  or  sand  above  the  horizon  of  the 
clay  with  chulk  debris. 
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Drift' Deposits  around  CTainsborouffh. 

At  Gainsborough  and  southward,  tliougli  at  no  great  distance  from 
tiiie  Lmcolnshire  chalk-wolds,  1  saw  a  clay  of  var^'ing  colour 
graduating  doiwnward  into  tiie  underlying  marl  of  Triassio  or  anb- 
aeqaent  age.  On  the  amamit  of  the  Triaasic  escarpment  it  mainly 
consisted  of  dircctl}-  worked-up  gypaeooa  marl,  with  a  oonsiderable 
quantity  of  chalk  (l(^)ris,  which,  however,  was  nowhere  thoroughly 
incorjxjrated  with  the  clay  itself — so  little  so  that  the  greater  part  of 
the  clay  would  not  etfcrvesce  with  ordinary  tests.  The  chalk  was 
not  a  constituent  of  the  clay,  but  an  addition.  The  clay,  along  with 
the  dhalk  erratifia,  oootaiiied  Bvntor  pebbles,  fragmeniB  of  Ckurboni- 
ferous  rocks  from  the  Pennine  Hills,  igneous  and  metamorphic  rocks 
including  gneiss  (from  Norway  ?) .  It  was  covered  with,  or  graduated 
upwards  into,  sand,  with  Bunter  pehljlc^.  wholly  or  partly  derived 
ftom  the  clay.  Between  Retford  and  ilawlry,  as  may  bo  seeu  in 
the  railway-cuttings,  there  are  beds  consisting  of  rearranged  Bunter 
pebbles  and  sand,  which  contain  a  few  clialk-tiiiits,  but  very  few 
other  enratics.  This  gravel-and-sand  is  apparently  on  the  same 
horizon  as  the  Gainsborough  sand,  and  in  places  is  covered  with  a 
eilayey  wash  which  may  be  a  southerly  attenuation  of  the  Heasle 
clay  of  Yorkshire.  The  undcrlynig  gravcl-and-sand  may  represent 
the  great  gravel-and-sand  formation  around  York,  under  or  iu  the 
low  er  part  of  wliirh  comes  the  remarkable  Icnticulation  of  laminated 
stoneless  clay,  and  under  this  the  "carrion,"'  which  is  a  clay  or  loam 
with  boulders  of  WiDtUxmb  Grit  and  Mountain  limestone  fbom  the 
Pennine  Hills,  and  wMoh  can  be  traced  wettwaxd  through  gaps  in 
tiieae  hills.  Its  relation  to  the  purple-day  of  East  Yorki^hiie  is  still 
uncertain*. 

ComltOum  of  lAs  Drift-DeposUa  of  TT.  TwkMre  wUh  ihose  of 

Lancashire  ana  OheMre, 

In  1867-70 1  endeavoured  to  trace  the  connexion  between  these 
deposits  hy  way  of  title  Aire  and  Wharfe  valleys  and  the  plain  of 
Craven.    I  was  fortunate  in  meeting  with  many  clear  sections 

during  the  drain ngo  of  towns  and  excavations  for  house-sites  ;  and 
the  results  wore  very  hrictiy  stated  in  a  paper  which  appeared  in 
the  *  Proceedings  '  of  the  West-Hiding  Geological  and  Polytechnic 
Society.    Lowest  of  all  is  the  blue  clay,  which  nowhere  rises  higher 

*  In  the  western  part  of  the  vale  of  York,  Jurassic  debris  from  the  north  or 
«ait  aro  anodated  with  lffill«tone  Grit  and  Moitntain  Limestone  frcMn  the  west ; 

jiiid  r;rvpliit''S  have  been  rpportcd  ns  hnviiiir  gone  far  up  the  valley  of  the  Airo  ; 
but  as  the  £ev.  N.  Tute  found  Lias  fossils  near  Leeds,  which  had  beeu  brought  as 
railwaT  ballast  from  the  fbot  of  the  HamUeUm  Hilla,  little  reUaneecaii  be j^aeed 
on  sach  reports.  Tliert>  mu.  liowcver,  be  no  doubt  that  Mr.  Tate  found  Shap 
granrfp  in  the  ypllowish-brown  clay  which  overlies  the  very  dark-coloured  or 
blue  clay  west  of  Rij)on.  Afler  orosaiug  Stainraoor,  the  Shap  granite  may  have 
gone  south  by  Richmond  tn  tht)  neighbourhood  of  Bipon.  The  precise  petition 
of  Shap  boulders  in  the  drift-deposit*  of  the  east  coast  of  Yorkshire  has  not,  I 
believe,  been  yet  ascertained.  Ciranite  from  the  south  of  Scotland  has  been 
Iband  on  tfie  ooaet  near  Searbonnigh ;  but  whether  it  aooompanied  the  Shap 
gmnite  over  Btainnioor,  or  wt-nt  oast  along  the  upper  OOUna  ot  the  I^ne^  and 
then  80uth-cae>t,  it  might  be  difiicult  to  ascertain. 

Q.  J.  G.  8.  No,  142.  o 


18G 


J>.  MACKUnOtH  OH  THE  DBIFX- DEPOSITS 


than  about  600  ft.  abofe  the  Bea-loTol,  which  oontains  many 

glaciated  stones,  and  which,  I  now  beUere,  may  have  been  accumu- 
lated under  laiul-ico.  The  yellow  or  ycllowiah-brown  clay  abore  it 
rises  to  mudi  hif^hur  IcvcI.h,  contains  fewer  j^laciatod  stones,  and 
differs  from  the  l»lue  in  tlio  kind  of  Iwuldcrs  or  rclativo  percentage 
of  ditterent  kinds  of  liouldors  it  contains.  Above  tlie  brown  clay,  at 
intervals,  there  is  a  great  thickness  of  sand  or  gra\  el,  which  often 
forms  eaker-like  monndB,  as  in  the  neighbomhood  of  EehoLt  and 
Bing^t  in  the  TsUey  of  the  Aire.  In  the  plain  of  Craven  the 
numerous  large  and  cnrvilinear  monnds,  which  have  been  regarded 
as  glacial  moraines,  maj*  be  seen  in  sections  to  consist  of  sand 
or  clay  with  numerous  well-rounded  and  evidently  watcrworu 
stones.  Between  York  and  Lancaster,  by  way  (»f  the  Aire  or 
Wharfe  valleys  and  the  plain  of  Craven,  the  santl  and  line  gravel 
(which  are  scarcely  ever  found  at  high  leveb)  were  probably  not 
distributed  until  idEter  the  emergence  of  the  higher  parts  of  the 
Pennine  Hills — in  other  words,  until  the  vaUeys  had  become 
converted  into  straits  and  sea-lochs.  As  may  often  be  seen  in 
Cheshire  and  Lancashire,  there  is  sometimes  in  the  \\\\st  Riding  the 
appearance  of  a  cleanly-eroded  surface  of  sand  or  fine  gravel  nncon- 
formably  overlain  by  clay,  loam,  or  coarse  gravel,  with  good-sized 
boulders.  At  Marley  sand-pit,  near  Keighley,  sand  at  least  20  ft. 
thick  is  unoenfinmsbly  surmounted  by  10  ft.  of  loamy  day,  with 
striated  boulders  (see  fig.  3)  up  to  2  ft  in  diameter  (1870).  Korth 


Fig.  3. — Section  in  MarUy  Sand-^itf  near  Kci^hUy, 

A 


A.  Upper  lioulder-clay.  B.  Saud  and  fine  gravel. 


of  the  White  Hart  Inn  (between  Aberford  and  Bramham)  a  bed  of 
dark  clay  and  sand  is  covered  with  sand  and  gravel  which  hud  evi- 
dently been  eroded  before  the  deposition  of  a  capping  of  reddish  day 
with  boulders.  Otlier  instances  might  be  stated.  I  have  not  had 
an  opportunity  of  ascertaining  how  far  these  Upper  Boulder-clays 
may  represent  the  Hessle  clay  of  East  Yorkshire  ;  but  I  believe  they 
are  on  the  same  horizon  as  the  much  more  continuous  Upper 
Boulder-day  of  the  plain  of  Lancashire  and  Cheshire  and  of  the 
valleys  on  the  western  side  of  the  Pennine  Hills. 

Concluding  liemarks  and  tSuytjestions. 

After  much  consideration  and  correspondence  witli  gcologist-s,  I 
have  been  induced  to  leave  open  the  question  of  the  correlation  of 
the  Norfolk    tall,"  Middle  Glacial  sand,  great  Chalky  Clay,  puiple 
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eky,  Hesslo  sand,  and  Hessle  clay  of  the  east  with  the  Lower  blue 
and  brown  fiooldeiHslays,  MicidlB  Mnd-and-giaTel,  and  Upper 
fionldeiHjilaj  of  the  nortli-west  In  all  attempts  to  oonelttte 
these  deposits,  it  ought  not  to  be  forgotten  that  tiie  lower  brown 
day  and  upper  day  of  the  north-west  maintain  very  much  the  same 
character  (irrespectively  of  the  subjacent  rocks)  over  extensive  areas, 
and  that  this  in  especially  the  case  with  tlie  upper  clay,  which,  with 
extremely  little  variation,  extends  along  certain  lines  continuously 
from  at  least  as  far  north  as  Carliale  to  Berrington,  south  of  Shrews- 
huxy  (about  160  miles),  and  from  the  nei^bonrhood  of  Glossop  as 
&r  west  at  least  as  Monai  Strait  (about  100  miles) ;  in  other  words, 
the  Upper  lioulder-olay  ol  the  north-west  (especially  if  we  make 
allowance  for  the  great  mass  of  it  which  in  ;dl  probability  runs 
under  the  Irish  Sea) covers  an  area  e(iual  to  that  of  the  (lialky  (  lay 
of  the  east ;  but  the  Chalky  Clay  differs  very  much  from  the  upper 
day  of  the  north-west  in  frequently  varjing  its  character  with  the 
rods  on  or  near  to  which  it  zests,  and  likewise  in  often  attaining  a 
mneh  greater  tbiolmeBs  than  the  upper  day  of  the  north-west,  whioh 
is  more  a  wrapper  than  a  leveller  of  preezistiog  inequalities.  There 
is  a  bare  possibility  of  the  drift  with  many  large  boulders  around 
Wolverhampton  (which,  in  an  easterly  direction,  seems  to  jrraduato 
into  thcClialky  Clay)  beini:  of  the  same  age  as  the  upper  clay  of  the 
north-west  (which  approaches  at  least  as  near  to  Wolverhampton  as 
Wellington);  and  if  so^  the  npper  eUy  of  the  noith-west  may 
represent  the  Chalky  Clay  of  the  east.  Bat  tiiree  facts  would  appear 
to  militate  against  this  idea : — (1)  the  upper  day  of  the  north-west, 
unlikt'  the  Wolverhampton  clay,  contains  exceedingly  few  large 
lH>uUiers*,  as  may  be  seen  in  the  numerous  and  extensive  excavations 
lately  made  for  obtaining  brick-clay  ;  (2)  the  existence  of  exten- 
sive gravel-beds  in  the  east-midland  counties  (though  not  in  East 
Anglia)  above  a  more  or  less  chalky  Boulder-day,  which  arc  not 
represented  aboTO  the  upper  clay  of  the  north-west f;  (3)  the 
difference  in  character  between  the  middle  non-glacial  sand  of  the 
north-west,  with  no  contemporaneously  transported  erratics  (ex- 
cepting near  the  mountains),  and  the  middle  glacial  sand  of  the 
east,  with  many  ( oiitcniporaneously  transported  erratics^.  Sorno 
time  ago  I  corresponded  for  several  years  with  Mr.  IS.  V.  ^\'ood, 
F.G.S.,  on  the  subject  of  the  correlation  of  the  drifts  of  the  north- 
west and  east.  He  then  regarded  the  ])ur])le  clay  of  E.  Yorkshire 
(which  is  horizontally  continuous  with  the  Cliolky  day  of  lincdn- 
shire)  as  the  oldest  depodt  in  the  east  with  which  the  lower  brown 

*  An  exception,  howcTer,  to  this  general  rule,  was  lately  met  with  in  the 
Bootle-Dock  excavations,  near  Liverpool,  where  niany  largo  bouldtrsof  dolerito 
and  diorito  ("greenstone"),  from  the  eouth  of  Scotland,  were  found. 

t  It  oupht,  liowcvpf,  to  W  rot^oll.  I  t<  (l  that,  on  the  same  principle,  the  theory 
which  bynchronizcs  the  Chalky  Ll.iy  <jf  ilic  taj*t  with  the  Lower  JJoulder-clay  of 
the  norui-westinNlld  require  an  adequate  representation  of  Uie  middle  guoiBl 
■wd  of  the  esit  mid«r  the  lower  day  of  the  oorfch-west,  whioh  is  not  to 
be  found. 

I  See  lir.  Penning's  pi^  on  the  Phyeioid  Oeology  of  Baet  Anglia  Ae.,  Quart. 
Jean.  CM  8oe.  for  May  1870. 
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elay  of  the  north-west  could  be  correlated,  and  ieemed  inciliiied  ta 
the  opinion  that  the  Hesale  day  of  Holdernees  might  reprasent  the 

upper  clay  of  the  north-west^  as  both  were  characterised  by  grey  or 
aah-colourcd  vertical  fractures.  But  I  was  not  then  aware  of  the 
southerly  cxt^jnsion  of  the  upper  clay  of  the  north-west ,  or  of  its 
extreme  ranjie  of  altitude,  which  reaches  quite  OuO  ft.  in  a  typical 
form,  and  probably  Irom  7U0  to  bOO  ft.  in  a  degenerate  and  attenuated 
form.  The  question  remains  as  to  the  age  of  a  great  sheet  of 
ohalklesB  cUy  which  Mr.  Wood  lately  firand  ezten^g  northward 
from  York  tiuongh  Durham  (Geol.  Mag.  for  Jan.  1878).  Should 
this  clay  prore  to  be  of  Hessle  a|?e,  the  Hessle  clay  might  then  be 
regarded  as  extending:  from  the  Wash*  to  the  river  Tyne,  and 
therefore  more  likely  to  be  the  equivalent  of  tlie  ujipcr  clay  of  the 
north-west  than  if  it  had  been  entirely  limited  to  iloldcniess  and 
the  immediate  neighbourhood. 

Note. — In  this  paper  I  have  made  very  little  reference  to  the 
evidence  of  the  relative  ape  of  deposits  furnished  hy  Mollusca, 
because  I  do  not  consider  it  in  all  cases  reliable.  Mr.  S.  Y.  Wood, 
Jun.,  F.(J.S.,  holioved  that  the  lower  })rown  clay  of  the  north-west 
could  not  bo  older  than  the  upi^er  pjut  of  the  purple  clay  (above  the 
chalky  clay)  of  the  Yorkshire  coast ;  but  he  relied  on  shells  found 
in  intercalations  of  sand,  consisting  of  a  mere  streak  at  Dimlington, 
and  at  Bridlington  of  a  very  limited  bed  in  the  midst  of  large 
boulders,  the  latter  suggesting  the  possible  flotation  by  ice  of  the 
shell-bearing  sand  from  an  older  deposit. 

*  See  Mr.  Jukee-Browne's  paper  on  Uie  Southerlv  Extension  of  Heasle 
Bonlder-day  in  Linoofaidiiv^  Qiuurt  Joum.  Geol.  8oa  m  Angiiit  1879. 
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14.  0»      PoBTLAi7D  Bocks  0/  England.  By  the  Bov.  J.  F.  Blake, 
1£JL,  P.G.S.   (Read  January  7,  1880.) 

[Fi^nsYIIL-X] 

IJimzB  the  EuDmeridgioii  and  ConUian  rooks,  the  Portiand 
oeriee  has  been  freqaently  examined  in  all  its  localities  by  compe- 
tent observers,  and  there  might  seem,  at  first  sight,  to  be  little  ad- 
ditional or  desirable  informiition  to  obtain.  Yet  when  all  the 
extant  materials  are  put  toLTcthcr  they  seem  to  serve  but  slightly 
towards  the  history  of  the  deposits  in  their  varying  relations  to  each 
other  and  to  similar  rocks  abroad.  There  is  first  the  masterly  work 
.  of  Utton,  forming  the  basis  of  our  present  knowledge ;  yet  many  ques- 
tions have  arisen  sinee  its  epoch  which  wait  for  a  refdy.  The  typieal 
sections  along  the  coast  have  been  touched  on  by  several  authors — as 
Buckland  and  Dc  la  Eeche*,  Bristowt,  and  Damon  t ;  and  the  Port- 
land stone  htis  been  well  described  ;  but  the  l » wer  part  of  the  scries  has 
been  neglected.  The  district  of  the  Vale  ot  W'ardour  has  attracted  little 
attention,  though  it  has  been  mapped  by  the  officers  of  the  Geological 
Bnrrey.  Of  the  important  ei^osures  in  the  ncighbonrhood  of  Swindon 
many  deseriptions  have  been  given  § ;  but  they  do  not  agree  witii  each 
other,  and  are  all  defective.  Little  addition  has  been  made  to  our 
knowledge  of  the  Oxfordshire  and  Buckinghamshire  area,  altliough 
Prof.  PhilUj^  in  ]S71||  added  the  names  of  several  and  the  figures 
of  a  few  species  troni  the  scries,  which  he  took  no  pains  to  compare 
with  those  of  foreign  authors.  The  most  important  event  in  relation 
to  these  rooks  was  the  visit  of  M.  Scemann  to  this  oountry  in  1865. 
He  was  struck  by  the  resemblanoe  of  the  fossils  of  tiie  Hartwell 
day  to  those  of  parts  of  the  Boulogne  oiliffB  to  which  had  been  as- 
signed the  name  of  ^fiddle  I'ortlandian  ;  and  ^f.  l)e  Loriol^,  after 
an  examination  of  the  series  of  fossils  from  this  locality  and  from 
Swindon,  identified  many  as  French  species  :  and  his  co-author  M. 
Pellat  stated,  that  the  day  of  Hartwell  should  be  called  Aliddlo 
Portlandian,  and  that  the  Lower  Portlandian  is  absent  from  England. 
These  statements  have  been  most  usefbl  as  opening  up  questions  of 
the  highest  intnest ;  for  it  has  been  necessary  to  inquire  with  what 
right  the  name  of  Portlandian  has  been  adopted  in  France,  and 
whether  any  y^art  of  the  series  is  absent  from  England,  and  thus  to 
reexamine  some  portion  of  the  Kimmerid^a'  Clay. 

In  our  introduction  to  the  Corailian  Bocks  of  England  "**  Mr. 
Hudleston  and  I  regarded  the  series  we  woee  about  to  deeoibe  as  a 

*  Trans.         Soc.  2iid  aer.  vol.  iv.  p.  17. 

t  Oeol.  Surr.  Horiamtel  Seetfooft,  Sheet  fi6.         |  Geology  of  Weraioath. 
§  Oridwin-Austen,  Q.  J.  G.  S.  t<^  ri.  p.  454,Mem.GeoL0iirTej,  Slieet34;  • 

Proc.  Geol.  Aspoc.  vol.  iv.  p.  .543. 

II  Ge«)lop>-  f)f  Oxford  and  the  Vnllcy  of  the  Thames.    See  also  Wright, 
'  British  Fossil  Kcliinodcrins/  and  T-ycett  *  The  Foseil  Trigonias,'  PaL  So& 
M-  iiioirfs  (k-  \i\  Soc.  Phys.  ct  Hist.  Kut.  do  Gen«fve,  tome  six. 
(^uart.  Jouru.  Geol.  Soo.  toL  xxxUi.  p.  201. 
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looal  development  in  a  greaibpeleUflue  foimation,  and  deprecated  the 
extension  of  the  name  Corallian  *'  to  beds  of  probably  various  ages, 
whioh  only  agreed  with  onr  own  in  oocurrinc;  jn  the  Oxford-Kim- 

irieridere  sons,  nnd  in  contnininp:  corals.  Just  tho  flame  might  be  said 
of  the  i*ortland  rocks  ;  only  I  should  now  express  it  diflerently.  Tho 
** normal"*  depositt;  tliroughout  the  European  area  in  the  later 
Jurassic  times  were  argillacoous ;  and  in  England  we  havo  two  impor- 
tant epuodes,"  the  (>>ra]Han  and  the  Poxtlandian.  In  the  Tanoas 
oonntriea  of  the  continent  they  also  hayeepiaodea,  two,  or  more  than 
two  ;  but  how  far  they  agree  in  age  with  ours  has  yet  to  a  great  ex- 
tent to  be  di'i(  rrninod.  At  present  jill  the  later  ones  have  been  called 
Portlandian  ;  and  thus  confusion  has  arisen.  '  I  shall  now  endeavour 
to  show  that,  as  far  as  tho  rocks  which  have  lioeii  called  Middle  and 
IiOwer  rortlaudiau  at  Uoulogne  are  concerned,  their  nonnal  repre- 
aentatiTes  exist  in  the  mass  of  the  Eimmeridge  Clay,  and  are  rightly 
classed  as  part  of  that  fonnation— and  also  to  describe  the  relations 
of  the  yarious  pari»  of  the  true  Portland  episode  to  each  other,  and 
thus  to  obtain  an  insight  into  those  final  oscillations  which  con- 
yerted  the  open  uri^illaceouB  ocean  into  the  lake-bearing  and  cyoad* 
growing  continent  of  the  Purbecks. 

1.  Tlie  Island  of  Portland. 

It  wiU  first  bo  lUHM^ssary,  at  tho  risk  of  ro])oating  well-known 
facts  t,  to  describe  in  detail  the  typical  section  in  the  Isle  of  Port- 
land, in  Older  to  place  in  thoir  proper  relation  foots  which  are  not  so 
well  known.  Fig.  1  (Fl.  YIII.)  giyes  the  generalized  section  of 

tlie  several  exposures  in  tbd  island. 

The  line  of  demarcation"* between  the  Portland  and  tho  Purbeck  is 
very  clear  and  ( onstant,  consisting  of  a  layer  of  clay,  not  lying 
exactly  on  an  enKlcd  but  on  a  very  unevi'ii  surface.  The  lower 
Purbeck  beds  known  as  the  "  Cap  "  and  the  "  fSkull  Cap  *'  are  botry- 
oidal  limestones  or  indurated  calc-tuffs.  They  have  therefore  been 
derived  from  the  denudation  of  the  Portland  rocks  which  had  else- 
where emerged  from  the  sea  at  an  earlier  date,  though  here  the 
emergence  had  been  so  recent  that  VOTy  little  atmospheric  action 
had  ocfMirred.  Tlie  separating  layer,  however,  contains  remaniit 
Porlland  flints.  This  trivcs  us  tho  exix'ctation  of  finding  hero  a 
more  complete  development  of  Portland  rocks  than  at  such  places 
as  show  more  erosion. 

No.  1  is  the  Boach,"  which  may  be  characterized  as  a  shell- 
limestone.  It  is  to  be  noted  that  throughout  it  is  distincUy  oolitic,  and 
especially  so  ai  the  top ;  it  contains  chalcedonic  masses  which  can 
scarcely  be  callr-d  Hints.  It  is  so  variable  in  thickness  and  so  incor- 
porated with  tlie  bed  ])elow  that  it  must  be  taken  as  forminj;  part  of 
I  it.  The  sliclls  which  characterize  this  are: — first,  the  drithium 
jtorllandtciun,  which  is  not,  to  my  knowknige,  found  in  any  other 

*  See  my  paper  on  Geological  Episodes,  abstmded  in  *  Nature,'  Sept.  4,1879. 
t  ]);iut..n%  (lrsr-ri]itiMn  ol'tlii'so  bcds IS  most  Qcounto,  ftnd  dmws attoitioa  to 

points  which  ure  iusibted  ou  below. 


i^iyui^cd  by  Google 


POBZLAKD  BOCKB  OV  SSBLLBH. 


191 


bed  in  Portland ;  Sowerbua  Dukei,  and  Bucdwum  naimides  appear 
also  to  be  peenliar,  thongn  infinitely  more  rare. 

The  Taigonia  gibhosa*,  Lueina  portlandica^  Peeten  lameU(mu, 
Oatrea  trpansa,  and  Ncttiom  ehgans^  it  retains  fram  eariier  times ; 

bnt  Cardium  dimniih  nppcnr.H  to  have  died  out. 

No.  2  is  the  "  Whit  bed,"  whose  qualities  have  made  the  island  so 
famous.  The  difference  in  its  thickness  in  the  different  quarries  has 
long  been  noticed,  especially  its  increase  towards  the  west.  The 
ftefc  ia,  it  may  be  seen  dying  out,  and  very  ftlae-bedded  if  traoed 
beyond  the  quarries  to  the  east.  It  ia  not  properly  ooUtie,  and 
contains  very  few  fossils.  The  txuB  Ammonites  fjviantus  appeara, 
however,  to  he  peculiar  to  it,  those  so  called  from  other  beds  belonp;- 
ing  to  distinct  spocieti.  These  uppermost  btKis  are  thus  proved 
local,  even  in  the  Island  of  Portland  itself.  The  fact  that  they  do 
not  occur  ckewhoro  on  the  coast  or  at  Upway  in  the  same  character, 
while  tiie  Pnrbedoi  remain  similar,  indieatea  aome  slight  amount  of 
nnoonformity  between  the  two  series.  The  Boaeh  and  Whit  bed 
are  also,  it  would  seem,  separated  by  unconformity,  or  at  least  con- 
temporaneous erosion,  from  the  beds  l>elow,  and  thus  constitute  a 
stage  in  the  episode  of  a  very  marked  character. 

Nos.  3-9  may  be  characterized  as  tlu  lliuty  series.  No.  3  is  the 
*'  Curf,"  which  varies  in  inverse  proportion  to  the  Whit  bed,  as 
though  the  erosion  of  one  had  formed  the  basin  for  the  other.  It  is 
also  oolitic,  and  oontains,  according  to  Damon,  abundant  Ottrea 
tolUana. 

No.  4  ia  the  "bas(^  "-bed,  which,  though  very  like  the  Whit  bed 
in  appoarnnoo,  is  di-tincrnishaljle  from  it  by  the  presence  of  strong 
irregular  bands  of  tlint.  This  and  No.  3  are  the  home  of  the  rare 
Js(iAti'<rfi  ohIoiKja  and  its  perforating  Lithodomi.  The  rarity  of 
corals  may  account  for  the  scarcity  of  oolitic  rocks. 

No.  6  and  those  below  cease  to  haye  workmen's  names  applied,  as 
they  are  not  quarried.  The  upper  block  is  full  of  Trigoma  gtlAim^ 
and  may  be  named  the  TrigoniaAwA.  It  ia  of  so  changing  a  thick- 
ness as  to  suggest  its  being  deposited  on  an  uneven  surface.  In  one 
place  it  is  seen  lying  on  No.  (I,  and  is  not  more  than  from  4  to  fifeet 
in  ihicknoss  ;  whilst  in  the  great  cutting  of  tho  Vrrno  Fort,  further 
to  the  uortii,  it  cuta  irregularly  into  No.  »S  and  reaches  nearly  2i)  feet. 
At  this  vgtA  it  has  been  compared  by  Damon  to  the  Boadh,  from 
which,  as  he  remarks,  it  may  be  distinguished  by  the  change  of 
fossils,  Pema  myiUoides  taking  the  place  of  Cerithium potHandieum. 

No.  6  is  a  remarkable  mass  about  3  feet  in  tliickness.  The  upper 
part  is  solid  flint ;  Imt  the  lower  part  is  a  rublile-bed,  made  of  broken 
masses  of  Huk  stone  like  tlie  ])eds  l)elow,  witli  a  silieeous  cement. 
Here  is  another  evidence  of  the  irregularity  with  wliieh  the  final 
changes  took  place,  which  warns  us  that  Nos.  3  to  5  may  re])resent 
anotiier  local  deposit 

No.  7  requires  distinction,  though  essentially  part  of  No.  8,  be- 

*  I  cannot  appreciAte  the  diir(>rcnces  which  have  led  Mesars.  De  Loriol  and 
Lyoeit  to  eatabush  a  new  tpsdefi  (?)  T.  DamoiUam  tor  these ;  the  Tsrietiee  pais 
inaefinitely  into  each  other. 
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eaue  fbe  lower  part  is  so  fall  of  Serpula  gordtdUt  as  to  almost 
merit  the  title  of  Serpnlite.  It  also  oontains  abundance  of  Ostrea 
multiformis.    Tt  serves  as  a  guide  in  strictly  local  correlation, 

though  it  would  be  absurd  to  suppose  all  Serpulites,  even  if  of  the 
same  species,  to  be  necessarily  continuations  of  the  same  deposit. 
To  this  portion,  which  is  more  free  trom  flints,  a  thickness  of  0  feet 
may  be  assigned. 

No.  8.  This  coDstitates  the  main  mass  of  the  flinty  series ;  the 
layers  aie  irregularly  spaced  and  of  Tarions  thicknesses;  some 
portions  of  these  are  false-bedded;  and  it  is  more  chalky  than  the 
beds  above  No.  (>.  Fossils  arc  rather  scarce ;  but  on  the  surface  of 
the  blocks  are  fueoid  niarkin;^.  and  there  are  numerous  specimens 
of  rather  large  Ammonites— tlie  boloiilmxis  of  De  Loriol,  which 
is  easily  distinguished  from  Am.  ylyanttins  by  its  shape  aud  the  re- 
golarity  of  its  rih-biftircation.  Here  also  we  find  associated  with 
Trigoma  gibboia  the  T,  incmva,  which,  as  it  does  not  ascend  into 
the  higher  beds,  indicates  a  rather  lower  h«)rizon  tverjwhere. 
There  is  also  a  broad  Pfnui,  like  P.  FlamfKirti.  These  fossils  are 
chiotiv  found  in  the  block  at  the  l);ise,  which  is  more  brashy,  and 
has  a  thickness  of  1  foot  8  in.  Including  this  the  series  is  about 
26  feet  thick. 

No.  9  is  a  shell-bed.  It  ahounds  in  small  oysters  vaASerpvlm ; 
hat  Trigwim  are  not  more  abundant  than  otiier  fcssilB.  As  it 
supplies  us  with  the  fauna  of  the  flinty  series,  it  is  of  great 
importance,  thoTii:li  it  has  been  by  no  means  thoroughly  searched. 

The  most  noticeable  are: — Ammonitat  pmuJotjirjaa,  which  has  great 
nodosities  like  A.  fjujus,  but  they  are  more  numerous;  A,  tripJe.Vf 
a  very  characteristic  form ;  PUuroiomarm  ruyata  and  P.  Jwztti, 
the  latter  being  met  with  in  the  so-called  Middle  Portlandian 
of  Boulogne;  Oardium  dimmiU^  which  thus  appears  to  mark 
a  lower  than  the  highest  horizon  at  Portland ;  Cyprina  elongaia^  a 
new  species,  but  found  elsewhere ;  Lima  rustica,  Prcttn  lamudUuut^ 
Tn'ffoniti  (I'lfJoit'i  and  T.  incurva  and  probably  other  species ;  and  in 
places  abundance  of  PUuromifn  ftlli/ia,  wlioso  place  in  the  series  at 
Portland  it  is  important  to  fix.    The  thickness  is  7  feet  (>  inches. 

These  nine  are  the  Portland  Stone ;  aud  it  appears  that  they  form 
two  subdivisions,  separated  fhmi  each  other  by  their  stratigraphy, 
lithology,  and  fossils,  though  forming  part  of  the  same  general 
series.  Tlu"  upper  may  be  called  the  Bnilding-stone,  and  the  lower 
the  Flint-I.'cd.s.  The  totnl  thickness  of  the  former  may  be  put  at  a 
maximum  of  \'2  feet,  while  the  latter  is  about  08  feet,  and  is  divi- 
sible into  two  slifilitly  unconformable  masses. 

The  rocks  which  succeed  the  Portland  Stone  in  a  downward  di- 
isetion,  beyond  being  called  the  Portland  Sand,  have  been  but  little 
noticed,  though  they  are  not  inaccessible  or  uninteresting,  and  aflPord 
valuable  means  of  correlation. 

No.  10  is  a  stiff  blue  marl  of  a  thickness  of  from  12  to  1  }  feet,  in 
which  1  have  not  succeeded  in  finding  any  fossils  ;  but  which  from 
its  minendoirical  clinmcter  (so  diflereut  from  that  which  one  might 
expect  fiom  the  title  J'orlland  JSauds),  and  from  similar  occurrences 
elsewhere,  is  an  important  bed. 
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No.  11  consists  of  about  26  feet  of  verj'  ciurious  material:  it  is  a 
liver-coloured  mixture  of  marl  and  sand,  with  isolated  nodules  and 
tliiek  oontmaons  bands  of  a  sandy  cement-stone.  The  fossOs  in 
these  oement-stones  are  not  nnmerous,  bat  tfaey  are  nsefiil  ones.  We 

find  here  Mytilm  autistnodorensis,  whioh  oocapies  the  same  horizon, 
both  elsewhere  in  England  and  at  lioulogne,  with  Fecten  soliduSf 
Cyprina  Implicata  ( rus  at  Boulogne),  Cifprina  elonffata,  aa  Isocardia, 
and  Ammoititts  /^u/.s<^tni  (?)  and  A.  biple.i'. 

No.  12  ijj  a  perfect  lumachelle  of  small  oysters,  the  Exogyra 
&nm<ru<afia.  '  These  ezdade  all  other  sheiUs,  and  by  themselTeB 
form  the  mass  of  the  rook  with  a  marly  infilling.   It  is  7  feet  thick. 

No.  13  consists  of  10  feet  of  yellow  sandy  bods  with  hardened 
bands  clearly  marked  oft*  form  the  bluer  beds  below.  They  contain 
but  few  fossils  beyond  Cyprina  implicata  and  an  Area. 

No.  14  is  a  mass  of  sandy  marl,  gradually  changing  into  tnie 
Kimmeridgo  Clay,  the  probable  junction  being  inaccessible  or  covered. 
More  of  &is  can  be  seen  on  the  western  side  than  beneath  Yeme 
Foit^  where  all  the  other  members  are  better  observed.  At  least 
80  feet  are  exposed  for  examination ;  but  there  may  be  much  more. 
They  are  speckled  blue  and  yellow,  and  have  many  small-sized 
doggers  towards  the  upper  part,  but  larger  ones  below.  A  good 
series  of  fossils  might  bo  colleeted  from  this  mass ;  those  I  have 
noted  are  of  great  value  for  correlation;  they  are: — the  true  Am- 
mtmitM  h^ex ;  an  ornamented  new  species  of  Natka,  which  I  eaU 
tnoisa ;  Zwna  hoUmienM^  which  marks  a  special  horizon  at  Bonlogne ; 
PeeUn  Afmni  and  Amula  octnvia^  very  chamcteristic  forms;  Tri- 
gonicB  incurva,  muricata,  PeUati,  and  a  new  undulate  species 
f though  there  is  a  total  absence  of  T.  rphlosa)  ;  also  two  new  lira- 
chio|K)da  (the  first  hitherto  recorded  from  British  Portland  rocks), 
JUiymhcndla  jportUindica  and  Discina  Jhnn^hresiana,  PUuromya 

tMna  also  ooeors,  occupying  the  yertical  position. 

In  all  this  series  (Nos.  10-14),  which  constitates  the  ''Port- 
land Send,"  I  haye  not  seen  any  glauconite,  nor  are  there  any 
pebbles  to  my  knowledge ;  but  a  gradual  change  is  demonstrated 

— undisturbed  by  local  variations,  and  only  exhibiting  the  distur- 
bances elsewhere  by  slight  alterations  in  the  character  of  the  de- 
posits. The  fauna,  though  connected  with  that  of  the  Portland 
Stone,  is  more  allied  to  that  of  the  upper  part  of  the  Kimmeridge 
Gla^ — a  Isot  of  which,  in  my  opinion,  the  French  geologists  make 
aa  inTorted  nse. 

2.  St.  Allan  g  Head  and  Kimmn-idrje  (fig.  2,  PI.  VIII.). 

A  comparison  of  the  above  typical  section,  derived  from  both 
the  east  and  west  sides  of  the  isle  (between  which,  in  the  lower 
parts,  there  is  little  difference),  with  tiie  development  twenty  mSes 
to  the  east,  will  give  an  idea  of  the  rapidity  with  which  changes 
are  taking  place. 

The  groat  quarries  on  the  const  to  the  south  of  Worth  "Mnltravers 
give  admirable  sections  of  the  uj)per  ])cd8.  The  botryoidal  Purbeok 
limestone  and  underlying  shale  are  at  once  recognized ;  and  then 
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lamdhtM,  about  9  leelb  6  inches  thiok.  It  has  yielded  a  Brachiopod 
like  WaldJieimia  holowimtsis. 

No.  2  is  a  vacuous  bed,  like  the  roaeh,  with  oatta  of  the  Trigania 

and  Perna  miitiloides,  4  feet  8  inches. 

No.  3  forms  parts  of  No.  2,  but  is  cloarly  separated  below.  It  is 
an  oolite  with  a  shell-band,  with  Pernm  towards  the  top  and  bottom, 
5  feet. 

These  three  are  the  only  possible  representatiTes  of  the  building- 
stones.  In  the  absence  of  flints  and  in  the  oharacfcr  of  the  rock 
there  is  similarity.    In  the  want  of  the  characteristic  shell,  Ceri- 

ihium  pnrthDi'h'cum,  and  the  aVtmulnnee  of  the  Prctr))  and  Perna 
found  in  Portland  on  lower  horizons,  there  is  so  luuch  ditlerenco  as 
to  lead  to  the  conclusion  that  these  are  either  continuations  of  the 
Hinty  series  or  deposits  in  a  separately  eroded  area. 
FoUowiog  these  are : — 

Ko.  4.  A  brownish-weathering,  snboolitio  block,  8  feet  in  thick- 
ness, the  upper  part  fUl  of  2V^^ua,  and  a  few  flints  near  the 
base. 

No.  5.  A  band  of  flinty  rock,  varyinp:  from  2  feet  6  inches  to 
4  feet,  with  an  irregular  base  tilled  with  indurated  clay. 

No.  6.  A  solid  suboolitic  rock,  b  feet  6  inches  thick.  The  grains 
are  very  coarse,  and  broken  shells  very  nnmerons,  with  Trigomm, 

These  appear  to  represent  the  base-bed  and  TrigoniaAneA  of  the 
island  under  a  slightly  different  form.  The  latter  were  deposited  on 
an  eroded  surface  formed  at  the  expense  of  the  succeerling  rock. 

This,  No.  7,  is  a  valuable  building-stone,  for  which  the  quarries 
are  worked.  It  is  a  fine-grained  suboolitic  rock,  with  few  fossils, 
rather  flinty  towards  the  base,  and  about  10  feet  thick ;  it  is  fol- 
lowed by 

No.  8.  A  brown  sandstone,  1  foot  6  inches.  Had  these  ooonrred 
in  the  island,  they  would  doubtless  have  been  worked  towards  the 
north-east  comer ;  but  they  occupy  the  interval  between  No.  5,  the 
Tn(jon'ta-\HH\,  and  No.  7,  the  Serpulit^*,  of  the  typical  section, 
tlu)ugli  they  arc  scarcely  equivalent  to  No.  G,  which  represents  the 
result  of  their  contemporaneous  erosion. 

No.  y  may  be  taken  as  16  feet,  all  of  which  i.s  very  flinty ;  it  is 
filll  of  fiiooids,  and  has,  towards  the  middle  part,  as  great  an  abun- 
dance of  Serpula  gordialU  as  at  Portland.  Anm(mite$  hohmieimt 
is  also  abundant. 

No.  ]<>  constitutes  the  main  mass  of  the  flinty  scries,  and  forms  the 
capping  of  St.  Alban's  Head  and  the  cliff  facing  west.  It  is  not  veni* 
acccssii»le :  but  T  have  measured  rA)  fovi,  whiclnnclude.s  a  shell-bed 
at  the  base,  like  that  in  Tortlaud ;  the  rest  is  very  unfossililerous, 
and,  after  exposure  to  the  sea,  has  much  the  aspect  of  a  calcareous 
grit,  thero  being  much  siliceous  matter  even  between  the  flints. 

A  ( (unparison  of  the  total  result  at  this  spot  with  that  in  Port- 
land shows  that  the  only  possible  representative  of  the  building- 
fitono  is  pwollen  to  U)  feet  by  the  addition  of  a  higher  Vied  (if  this 
bo  the  right  interpretation),  while  the  Hiuty  series  hus  e^kpauded  to 
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98  fcot,  partly  by  the  interoalatioD  of  new  beds  and  partly  by  the 
thickeiiiug  of  the  rest. 

Li  the  PorQandraaad  seri«  the  peenliar  featnvei  of  the  ullaad  aie 
not  repeeted:  the  day  hend  at  the  top  oaimot  he  reoognized ;  and 

the  oyster-bed  is  certainly  absent.  Thus  the  w  hole  might  he  de- 
Bcribcd  as  sandy  marl  with  indurated  bands.  The  parts,  however, 
of  the  series  have  characters  by  which  correlation  is  made  possible, 
and  a  proof  afforded  that  much  more  is  here  visible. 

Thus  No.  11  consists  of  39  feet  of  the  liver-coloured  mixture, 
whiofa  indaratsB  into  two  Uodm  of  sandy  oement-stone.  Aho?e  the 
upper  block  should  he  the  day ;  hat  it  is  searoely  less  sandy  than 
the  rest.  AmmomUs  hiplex  and  Mytihix  autissiodoretiM  are  here 
abondant.  There  are  also  Pecleti  solid  us,  Tr'ujon  ia  incwrva^  T,  PtiUaUf 
and  another  species  more  nearly  allied  to  T.  f/ilMna. 

No.  12  shows  no  ])articular  chanp^e  at  the  top ;  it  is  all  dark, 
hard,  sandy  marl,  with  numerous  small  cement-stones,  lying  in  bands, 
and  the  two  lower  bands  uniting  into  continuous  beds.  This  con- 
trasts wdl  with  the  orerlying  series,  and  has  a  thidmsss  of  42  feet 
Eaewiyra  In^ntrutana  is  soattered  thioughoat  this  and  the  next. 

No.  13  is  a  tkmag  band  of  oemKbt-stone,  with  abundance  of 
Thracia  ienera  nnd  florae  other  ill-recognizable  fossils,  2  feet. 

No.  14.  Another  mass  of  indurated  sandy  marl,  30  feet  in  thick- 
ness, and  containing  Rlnjni  lioin  ll<i  porthtudioi. 

No.  15.  Another,  but  thicker,  cement-stoue,  nearly  5  feet.  This 
is  pTohaHy  nowhere  exposed  in  PorUand. 

No.  16  may  be  taken  as  the  rest  of  the  sand,  the  line  of  separation 
between  it  and  the  Kimmeridge  Clay  being  more  or  less  arbitrary. 
There  are  indurated  bands,  and  more  marly  bods,  which  throw  out 
the  water.  In  the  lowest  of  the  subdivisions  thus  niado,  but  nearly 
40  feet  from  tlie  base  of  the  whole,  Lrur/tila  ovalls  is  ratlior  abundant, 
which  seems  to  me  a  significant  fact.  The  total  amount  of  this  No.  10 
is  about  126  feet. 

Adding  the  thicknesses  of  theee  aereral  beds,  we  amve  at  244  feet^ 
whidi  is  demonstrated  to  be  not  far  removed  firom  the  trae  tlndc- 
ness  of  the  Porthmd  Sand  here.  If  this  seems  extravagant  it 
may  easily  be  checked.  The  heip:ht  of  the  cliff  is  about  oUO  feet. 
It  is  capped  by  'yO  feet  of  Portland  Stone ;  and  my  former  estimate 
of  the  Kimmeridge  Clay,  taken  from  the  same  limiting  line  to  the 
base  of  the  cliff,  was  173  feet,  which  woidd  leave  277  feet  for  the 
Portland  Sand  if  all  were  horizontal. 

The  description  of  this  district  would  end  here  but  for  the  fkot  of 
the  Frendl  geologists  introducing  the  terms  Middle  and  Lower  Port- 
landian,  and  M-^sr-rtinG:  the  bitter  to  lie  iibscnt  from  En,i,'land.  I  have 
therefore  reexamined  the  Kiinnierid<;e  Clay  hero  in  order  to  cor- 
relate it  with  the  strata  of  Boulogne  (see  fif^.  1).  The  measure- 
meuts  of  the  upper  Ivimmeridge  have  been  checked,  and  it  has  been 
aaeertained  that  the  days  of  Kimmeridge  Bay  are  really  lower  than 
any  to  the  east  by  their  fanna  and  snceession,  and  have  a  total  thick- 
ness as  actually  seen  of  aboat  183  feet.  They  reach  the  anticlinal 
at  the  western  end  of  the  bay,  and  then  dip  raindly  down  and  towards 
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the  laud  in  the  directioB  of  Worborrow.    In  the  lowest  28  feet  of 
ahales  I  hftve  found  AmimniUe$  aUemanM  associated  witii  Exogyra 
virgula  and  Am,  hipUx,  We  are  therefore  fairly  in  tiie  Lower  Kim- 
meiidge,  but  not  at  its  base  ;  and  wo  learn  that  all  the  series  is  here 
more  or  less  shaly,  as  it  was  in  the  sub-WetUden  boring.    Now  if  we 
add  all  these  ascertained  measnrcs  together,  wo  find  just  11 UO  feet 
bt'twcen  the  base  of  the  Portland  !Stone  and  the  lowest  part  of  the 
Kimmoridge  Clay  visible,  which  is  not,  however,  ite  base.    It  seems 
abeuzd  to  suppose  that  witli  this  enonnooB  thidness  any  part  of 
the  series  shoidd  be  absent,  and  that  snoh  member  should  be  fbnnd  at 
Boulogne,  where  the  total  tliickiu  ss  iK-twoentfie  Portland  and  Coral- 
lian  is  less  than  450  feet.    We  should  rather  expect  that  any  division 
found  at  the  latter  place  would  bo  expanded  to  twice  its  amount ; 
and  it  is  with  such  an  idea  that  we  must  seek  out  equivalents.  The 
fact  is  that  in  England  we  possess  the  normal  formation,  to  which  the 
name  Kimmeridge  was  originally  applied ;  while  at  Boulogne  we  find 
an  epitode  having  no  relation  to  the  Portlandian  above,  but  to  whieh 
the  name  of  ^'Bonlognian"  may  well  be  given.   The  episodal  eha> 
ract«r  may  bo  easily  seen  in  the  cliffs  on  either  side  of  the  town, 
where  conglomerates  are  found,  and  an  actual  d^ing  off  beneath  the 
Jj^ort  du  Mont  de  Couple. 

It  is  be\  oud  the  scope  of  the  present  paper  to  notice  the  succes- 
sion here  any  further  than  it  may  throw  light  on  our  KngUsh  equi- 
Talents.  The  upper  part  of  their  Middle  Portlandian*'  is  our 
Portland  Sand ;  as  M.  Pellat  states,  it  is  more  sandy  than  the  shales 
below,  and  has  the  aspect  of  the  St.-Alban'8  beds  with  their  small 
nodules ;  it  contains  such  leading  fossils  as  Mi/tihiH  avtis^odorerms, 
Pt'cten  ^ftii'iiii^  Arirula  octai'ia,  Astartt  sraluria^  Lima  holoniensiji, 
Ferna  Hoiiclutnli^  Peclen  lamcUosus^  Astarte  ^itma7iui.  This  amounts 
to  57  feet,  which  is  not  a  quarter  of  the  corresponding  beds  at  St. 
Alban's.  The  lower  part  of  their  Middle  Portlandian  "  consists  of 
soft  sandy  marls  and  shales,  with  cement-stone  bands,  not  at  all  unlike 
the  top  of  the  Kimmeridge  at  Chapman  s  Pool.  The  Cardium  mon- 
nicum  (or,  as  I  previously  called  it,  C.  striatuhim),  BelemniUt 
Souichii^  and  D'tsciun  lafissima  serve  to  prove  the  identity. 

lloferring  to  my  section  on  the  Kimmeridge  coast*,  in  Xos.  1  to  9 
I  have  traced  three  bands  of  fossils.  No.  5  contains  abundance  of 
DeniaUum  QueMtecltif  apparently  not  yet  found  at  Boulogne.  No.  7 
has  a  species  of  Alaria,  perhaps  A.  cingulaUt  (Koch  &  Bunk.),  whieh 
occurs  also  in  the  Lower  Kimmeridge;  and  No.  I'  is  full  of  Dii^rina 
ladssima.  These  last  two  occur  in  the  same  or<ler  at  lioulogue ;  ])ut 
the  comparative  thicknesses  of  the  deposits  are  'J't'J  feet  in  England 
and  in  France  44  feet.  "We  are  thus  forced  to  look  for  the  normal 
representatives  of  the  Boulognian  episode  in  the  beds  from  No.  10 
downwards  of  my  soctlon.  The  place  of  occurrence  of  this  episode 
is  not  BO  far  removed  but  that  we  may  hope  to  trace  somo  mark  of 
its  occurrence  at  Kimmeridge;  but  the  fossils,  being  mostly  "  co-va- 
riants," will  yield  us  little  assistance.  The  general  character  of  the 
deposits  at  Boulognt;  is  as  follows : — There  are  three  more  ferru- 
*  Quart.  Joum.  Qeol.  Soc.  voL  zzxi.  p.  litd. 
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Fig.  1. — Citmparative  Sections  at  Kimnuridje  and  Bo\dogne» 

(Scale  250  feet  to  I  inch.) 
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gmous  and  eandy  maeaeB,  of  which  the  two  lower  are  oong^omeratee, 

and  the  intervening  beds  are  more  marly  and  tend  to  run  into 
cement-stone.  Althoupjh  these  alone  have  been  called  "  Lower  Port- 
landian/'  some  55  leot  lower  down  another  group  of  sand  and  sand- 
stones is  met  with.  A  somewhat  similar  j^roupin|?,  on  a  much 
larger  scale,  is  seen  in  the  section  between  Emmets  Hill  and  Hen 
dUar.  My  N^oB.  10  to  12  axe  a  peoaliarly  lamfaated  sandy  serieB, 
which  I  called  "  paper  slab."  FoUowing  this  is  a  gnmp  of  oement- 
stones  and  diej  clay,  Nob.  13  to  10.  Then  there  is  a  very  solid 
paper  slab,  followed  by  papery  shales,  to  correspond  to  the  upper 
.  cori«^lonieratos,  ijicludint;:  Nos.  20  to  22.  The  more  mixed  material, 
iueliuliiiL,'  I  (  cinent-stone,  occupies  Isos.  23  to  28,  and  then  the  re- 
presentative of  the  lower  Boulogne  conglomerate  is  a  massive  rock, 
No.  29,  below  which,  indeed,  are  other  more  sandy  beds  at  some 
distance,  which  may  correspond  to  those  in  the  Simmeridge  day  at 
Boulogne. 

The  beds  thus  reckoned  in  England  amount  to  244  feet  as 
against  40  feet  at  La  Creche  and  '>'•  feet  at  I'ortcl,  which  is  not 
far  removed  from  tho  proportional  increase  proved  in  the  overlying 
beds,  liut  we  are  not  without  aid  from  the  fossils.  It  is  very  re- 
markable that  Kvoijyra  viryula  occurs  in  thousands  beneath  the  so- 
called  Lower  PorUaudian,"  and  it  extends  upwards  to  the  base  of 
the  days  overlying  the  lower  conglomerate,  where  it  forms  almost  a 
InmachcUo;  yet  it  dies  out  suddenly.  Other  small  oysters  In  come 
abundant,  and  even  form  beds  ;  but  they  take  the  place  of  E.  vinjula, 
which  is  nowhere  to  be  seen.  In  tho  Kimnierid^e  clitfs  I  searched 
(iiliijeiitly  each  bed  from  No.  10  downwards  to  tind  out  at  what 
horizon  this  characteristic  oyster  is  lirst  met  with.  2sowhere  could 
I  find  it  till  1  reached  No.  28,  where  it  is  fairly  abundant;  and  tiiis 
bed  oocupiee  exactly  the  position  where  it  is  first  seen  in  Boulogne, 
according  to  the  above  correlation.  Tho  whole  series  is,  unfortu- 
nately, but  feebly  fossiliferous ;  the  most  abundant  fossil  is  an  Am- 
monite, which,  1  think,  from  its  adult  characters,  must  he  A.  supra- 
jW'  ii.<(is.    If  this  he  so,  it  is  anotlier  proof  of  the  correlation. 

1  liold  it  therefore  proved,  by  as  good  proofs  as  can  be  had  under 
any  similar  circumstauces,  that  tho  lioulogniau  episode  is  of  the  age 
of  the  lower  part  of  the  Up}ier  Kimmeridge— that  its  representatiTes 
are  not  absent  from  England,  but  they  are  not  episodal  in  the 
typical  district  at  least.  In  just  the  same  way  we  have  in  England 
no  Pterocerian  episode  as  yet  discovered,  though  the  lower  part  of 
the  Kimmcridp:o  is  continuous.  The  existence  of  this  Boulofrnian 
episode  has  misled  the  Frencli  geologists,  in  spite  of  their  claim  to 
be  guided  solely  by  the  fauna,  to  associate  these  beds  with  tho  Port- 
hmd  rocks,  with  which  they  have  very  little  in  common,  their  in- 
variant fossOs  being  those  of  the  Kimmeridge  Clay ;  and  Br.  Pltton 
was  rig^t  when  he  regazded  them  as  an  "accident"  in  that 
formation. 

3.  Up  way. 

The  section  at  this  place  (fig.  3>  PL  YUI.)  is  small  but  instrootive. 
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The  topmost  bed,  No.  1,  id  a  solid  block,  of  a  thickness  of  3  feet 
6  indies.  The  upper  iiDot  is  a  memmy  Umestone,  not  at  all  oolitic ;  the 
next  foot  ia  a  shell-bed,  fnll  off  Trigimim,  but  with  no  OMAncm  pari' 

laiidicum;  and  the  rest  is  a  anbootitio  limestone  with  few  ehells. 
The  identity  of  this  with  the  uppennost  thrco  bods  at  Worth,  which 
are  there  lii  feet  thick,  is  ver\'  obvious.  The  upper  portion  is  cited 
by  Damon  as  belon^ng  to  the  rurbeck,  and  quoted  to  sliow  the 
amalgamatiou  ot'  the  two  deposits.  I  have  seen  uo  proof  ot  its  being 
Porbeek;  and  tiie  correspondiDg  bed  at  Worth  is  full  of  Tri- 

No.  2  is  chalk  and  flint,  the  latter  in  large  masaea,  and  most 
abundant  towards  the  middle ;  the  chalky  however,  is  good  enough 
to  bum  for  lime.  Tho  total  thiokneas  ia  about  40  ^et,  Thia  is 
said  to  bo  succeeded  by 

No.  3,  a  hard  clay.  There  can  be  as  little  doubt  that  No.  3  cor- 
responds to  the  clay  at  Portland  which  underlies  the  flinty  series  to 
wbioh  Ko.  2  here  corresponds.  As  this  in  the  same  way  corresponds 
to  No.  10  at  8t  Alban'a,  there  must  be  48  fbet  of  rock,  indndingthe 
qnarried  stone  at  Worth  that  is  here  absent.  We  may  regard  this 
as  a  proof  that  the  topmost  beds,  both  here  and  at  Worth,  do  repre- 
sent the  huilding-Btoncs  in  ditfereut  areas,  and  that  tho  unconfor- 
mity ])(.'t\ve('n  them  and  tlie  tlinty  scries  is  a  well-marked  one.  The 
bmaiier  uniouut  of  siliceous  material  in  this  locality  apparently 
enoouragcd  Tertebratea  to  frequent  it,  since  the  remains  of  IhfenoduSy 
OhimtBrttf  and  Turtle  were  obtained  at  one  yiaik  The  ordinary 
fossils  are  those  of  the  flinty  seri(»,  e.g.  Cardium  dissimile,  Pecten 
lamellosus,  Trigimia  gibbasa,  Jjudna  porUandiea,  and  Anmnniiet 
boloniensis. 

I  have  not  Ijoen  able  to  visit  Corton,  where  the  Portland  sand  is 
said  t<)  be  exposed  and  to  yield  Beleranitcs.  In  Kingstcad  iiuy  this 
part  of  the  series  is  intermediate  in  development  between  that  at 
Portland  and  that  at  St.  Alban's.  Por  the  upper  bed  is  14  feet  of  the 
sandy  cement-stone,  tho  clay  having  died  out :  it  is  succeeded  by  a 
3-feot  lumachelle,  as  in  Portland,  and,  flnaUy,  the  hardened  sandy 
marl  ad  libitum,  containing  tho  same  undulate  UVigonia  as  at  Port- 
land, and  another  like  T.  (jilthiisa. 

The  changes  in  the  Portland  series  thus  demonstrated  in  its  typical 
locality  prove  its  essentially  episodal  character.  The  two  most  con- 
stant portions  are  the  lower  part  of  the  flinty  bed  and  the  sandy 
oement-stones. 

4.  The  VaU  of  Wardour. 

Although  the  common  fossils  and  tho  whiteness  of  tho  limestone 
tell  the  geologist  at  once  that  the  rocks  of  this  district  are  Portland, 
he  soon  flnds,  on  coming  to  details,  that  they  require  study  before 
theb  relationa  to  those  off  the  typical  district  are  made  out.  The 
succesnon  of  the  beds  must  be  traced  in  Taiions  quarries;  but  a 
general  account  will  be  given  of  the  whole. 

In  the  Museum  of  Practical  Geology  is  a  laige  block  of  stone  from 
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tihis  district,  in  which  the  junction  of  the  Furheck  and  Portland  ii 
said  to  lie,  the  one  lialf  of  the  stone  being  of  marine  and  the  other 
of  freshwater  ori^.  I  do  not  know  on  what  evidence  this  rests : 
my  own  olMenrations,  possibly  too  brief  for  the  purpose,  did  not 

reveal  any  such  united  .strfitnm  ;  nor  do  I  read  any  proof  of  it  in 
Fitton.  But  it  inducos  me  to  j^ive  an  account  nf  the  Purbeck  beds 
seen  in  the  great  quarry  of  Chicksgrovo  overlying  the  Port- 
iaiid. 

Section  of  Mocks  above  the  Portland  between  OhUmark  and  Lealam, 

ft  in. 

a.  White  finely  laminate  limestone   ^  0 

b.  Black  "  8urfacc-9<>il,"  with  nuuiy  roundod  pisoet  of  limestone  aiid 

silicified  tnwks  of  trees  1  fout  0  inches  to   2  0 

e,  Oreamj  imgnphu*  limestone,  in  some  places  turning  into  a  Uriiter 

"  surface-Boil "  ahoT(\  with  hxr^vr  pieces  of  limsifcOQfl^  IB  cihers 

having  a  vacuous  liuiestone  at  the  top  6  0 

d  Galo-tuffpaming  into  the  above   1  4 

«.  Brownish  cult m ml  very  cloan-grainod  oolite  without  foaeils,  and  with 

strong  flintt*  at  tho  fop  in  some  places   0  8 

y.  Irre^'uhir  b«»trvuKhil  limestone,  parsing  into  a  cotHolidulcd  bnush  and 

soinetiuif^  i-lialceilonic  4  it 

ff.  Brown  day  with  email  renumUs  fossils  end  Bhell->£ragniente   0  3 

This  does  not  agree  exactly  with  Br.  FItton's  acconnt*  The  details 
doubtless  vary  in  different  qnanies.  He  alludes  to  a  bed  occupy- 
ing the  place  of  d  as  **  a  dirt  bed,**  and  remarks  upon  the  flints  of  e ; 
but  he  has  not,  apparently,  seen  g  and  the  first  few  feet  below  it, 
as  he  states  that  the  frcslnvater  strata  hero  rest  innr.ediatoly  npon 
a  bed  containing  marine  I'os^il.s  without  the  intorvcnt  iun  df  any  clay 
or  dirt."  Certainly  none  of  the  above  strata  contains  marine  fossils, 
while  the  bed  immediately  below  g  does.  Hence  I  eondude  that, 
whatever  the  appearances  may  have  been  in  Br.  Fitton*s  time,  a 
earefill  examination  will  always  show  that  the  Purbcck  is  divided 
from  the  Portland  by  a  well-defined  line.  It  would,  indeed,  be 
remarkable  if  it  were  otherwise,  and  the  events  wliicli  should  make 
it  so  almost  inconceivable.  The  Portland  series,  therefore,  com- 
mences with 

No.  1  (PI.  VIII.  fig.  4).  This  is  a  fine-grained  brown  oolite,  the 
grains  having  no  intervening  cement.  It  is  a  remariuble  rook ;  and 
e  is  probably  derived  from  the  denudation  of  it  in  the  neighbonr- 
hood.   The  lower  part  of  this  is  shell-brash,  full  of  empty  casts  of 

Ciridiimn  portlandicvm  &c.  This  cannot  be  the  junction-rock 
alluded  to  above,  a.s  t lie  upper  part  of  it  could  not  well  be  proved 
to  be  of  freshwater  origin.    Thickness  1  foot  J>  inches. 

No.  2.  A  thick  ma8s  of  rock,  finely  oolitic  at  the  top,  where  it 
contains  Ceri^ium  jportlandmtm,  and  becoming  softer  and  changing 
to  a  fine  shell-brasb  below.  There  are  also  vacuous  bands  here.  It 
makes  a  magnificent  white  building-stone,  very  free  and  soft  when 
first  extracted,  and  rings  under  the  hammer  like  a  bell.  The  simi- 
larity of  these  two  rocks  to  the  Whit  lied  and  Roach  of  Portland  is 
almoflt  too  btrikiug,  as  the  latter  ore  not  in  character  even  ut  Up  way. 
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Neveiihelees  they  occupy  the  same  position  in  the  series,  and  Nature 
must  have  repeated  h«nelf  in  independent  areas.  Unfortunately 
the  thiffcneiw  of  this  mass  and  its  relations  to  the  bed  bdow  oannot 
be  aocorately  ascertained,  as  the  junction  is  covered  in  the  only 
quarry  in  which  I  hare  seen  this  part  of  the  formation.  It  may  be 
16  feet. 

No.  3.  White  chalk,  like  that  of  Upway,  having  abundance  of 
flints,  both  in  beds  aud  iu  iitiburos,  throughout  the  upper  14  feet, 
but  none  in  the  lower  12  feet.  This  is  suiBeiently  pure  to  bum  for 
lime;  towards  the  base,  howerer,  it^becomeB  harder  and  more 

shaly.    It  is  remarkable  for  the  abundance  of  its  common  Portland 

fossils,  such  as  PecUn  lamdlomsy  Cardium  disnmih\  Lucina  port- 
Jatu/iia,  rienromtfa  tellina,  and  Ostrea  ea^pansa.  It  has  also  many 
Trifjon  'uv^  bi)th  T,  rjihhma  and  clavellate  ones,  and  a  few  rarer  fossils. 

No.  4  consists  of  two  parts,  which  vary  rapidly;  the  upper  part 
is  a  solid  Uoek  of  about  2  JGset  to  4  feet»  with  rew  fosnb  ezeept 
Trig<mUB%  the  lower  is  a  softish  limestone,  crowded  with  fossUs, 
and  making  up  a  total  of  8  fbet.  This  is  one  of  the  most  foasili- 
ferous  beds  of  the  formation  ;  and  the  fossils  are  beautifully  preserved 
a55  calcite.  The  most  common  is  Astarte  nicfom,  every  fragment 
containing  it.  Associated  with  this  is  Cerithiinn  concnvum,  which 
appears  really  to  diii'er  from  C.  portlandicum,  and  to  be  found  iu 


di«mum,  Nerita  fmnsverM,  Tar.  minor,  with  its  oolonr-qKvts,  and 

Jieritmia  sinuosa  in  great  abundance. 

No.  5  is  a  yW^onta-bed,  scarcely  separable  &om  the  beds  below, 
and  varying  from  zero  to  about  4  feet.  The  species  is  T,  gibboM 
as  usual. 

No.  0  is  the  great  mass  of  stone  for  which  all  the  quarries  iu  the 
neighbourhood  are  worked.  It  is  a  fine  freestone,  more  or  less  fiedse- 
bedded,  and  consisting  of  great  blocks  in  fairly  thick  beds,  bat  in 
places  somewhat  ooneretionar}'.  It  is  more  of  a  sandstone  than  a 
limestone,  though  somewhat  calcareous.  Here  and  theie  in  some 
quarries  are  thin  bands  of  flint,  in  others  bunds  of  TrigcnieB  pre- 
served in  chalcedony.  According  to  Fitton,  a  similar  chalcedonio 
band  has  yielded  tho  Isastnt^n  ohhmga.  LdY^Q  Ammonites  bolonuiisis 
are  found  here,  and  A,  hlj^fUx.  The  total  thickness  of  this  has  not 
been  ssoertsined ;  the  greatest  amount  seen  is  17  feet ;  and  this  is 
certainly  nut  £ur  off  tlie  maximum. 

No.  7.  In  one  valley,  about  two  miles  W.  of  Tisburj',  the  stone 
No.  G  was  traced  down  the  slope  by  surface-fragments  from  the 
AatnrU  nujoaa-hc^  at  the  top  to  an  outstanding  mass  of  a  Trigonta- 
bed,  which  is  thus  proved  to  underlie  the  stone ;  but  of  its  thickness 
or  arrangement  no  particulars  could  be  ascertained. 

These  form  the  only  rooks  which  would  by  any  one  be  referred  to 
the  Portland  Stone.  As  fiv  as  No.  3  they  agree  fairly  with  the 
Upway  beds,  and  so  with  part  of  the  flinty  series  of  Portland.  The 
foesiliforous  zone  below  is  not  met  with  iu  the  same  form  to  the 
south,  though  its  most  abundant  fossils  are  found  in  Portland,  and 
probably  in  the  flinty  series.    The  lower  bed  (No.  6),  which  is 
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leaUy  tiie  moot  impoitant  in  tiiii  distriet,  is  a  v«ry  distinet  deposit, 
most  like  the  lowest  beds  at  St.  Alban's ;  only  the  flints  happen  to 
be  scarce.  The  prevailing  Ammonitce  and  the  Triyonice  at  the  base, 
and  the  occurrence  of  the  coral  permit  of  no  separation  palaeonto- 
logically,  and  wc  are  forced  to  regard  this  a  downward  develop- 
ment of  the  Portland  »Stoue.  Yet  it  is  lithologically  a  calcareous 
sandstone,  and,  if  the  cementing  material  be  anywhere  absent, 
aotnally  a  ssnd. 

The  snooeeding  rocks  in  this  district  haye  never  been  described, 
and  they  are  wit^  diffioalty  followed  in  fields  and  road-cnttings. 

The  best  section  is  seen  in  the  road  leading  from  the  village  o£ 
Hazolton  to  the  railway,  which,  confirmod  by  otliers,  gives  ns : — 

No.  8.  Yellow  impure  sand  becoming  marly  at  the  base,  often 
coloured  brown  by  iron ;  thickness  unknown,  but  cannot  be  much 
more  than  the  maadmnm  seen,  Hm*  12  fset.  No  fiMsUs  have  been 
seen  in  it. 

No.  9.  Impure  oalesreous  bed,  rather  mbbly,  with  large  grains 
of  Lydian  stone  or  glauconite,  3  feet  6  inches.  Blocks  of  rock  of 
the  same  character  strewn  on  the  fields  have  jdelded  a  remnrkalde 
fauna  to  a  very  short  search,  viz.  Trigonia  Pellati,  T.  variegata^ 
T,  concentrica,  T.  Miclidoti  (/),  Mytilus  jurensisy  Penia  Bouchardi, 
Pectm  conMnfrtm  (/),  Jsterte  mfraoorMna  (7),  Exogyra  hniiinim- 
tanaf  and  S&rpula  sp.  Indioatu>ns  of  some  of  these  are  seen  also 
where  the  block  is  in  situ. 

No.  10.  Harder  bed  of  the  same  character,  3  feet  6  inches,  with 
Tr{go7}{/i  Pt  JIati,  Ostrm  bnmtrutana,  &c.  In  one  spot,  on  the  road 
from  Tisbury  to  Wardour,  this  bed  is  alone  seen ;  it  only  reaches 
18  inches  in  thickness  at  most,  and  is  scarcely  continuous,  but,  as 
it  were,  in  eroded  blocks  enveloped  in  the  sand  above,  which  is  here 
not  so  aigiUaoeons. 

No.  11.  A  yeiUowish-grey  nncompaeted  ealeaieonB  stone,  with  no 
fossils  seen  ;  its  base  is  not  traceable;  hnt  at  a  depth  of  21  feet  from 
its  top  the  spn'jigs  break  out.  These  measures  nre  checked  by  the  fact 
that  at  the  Tisbun,'  station  the  stone  No.  G  is  worked  in  a  quarry 
about  40  feet  above  the  level  of  the  railway,  which  is  on  Kimmeridge 
Clay ;  so  that  that  thickness  is  an  upper  limit  for  the  intervening 
heds. 

The  charaoter  and  Ibssil  contents  of  these  heds  are  diffBrant  from 

those  of  any  other  locality.  The  fossils  indicate  a  period  anterior 
to  the  usnal  Portland  Sand :  indeed  they  point  to  an  episode  similar 
to  the  Boulognian,  The  yellow  and  hence  |)croxidized  ferniginous 
sand  is  very  different  from  the  blue  sand  of  the  coast  sections,  and 
may  indicate  a  more  superficial  deposit.  The  diminution  and  erosion 
of  the  hard  block  No.  10  cannot  be  mnoh  relied  on,  as  the  section  is 
not  sniBeiently  removed  from  snrface  inflnenoes  of  a  later  date ;  hnt, 
on  the  whole  evidence,  it  appears  to  me  that  we  liave  here  an  area 
which  was  elevated  previously  to  the  period  of  the  Portland  Sand, 
received  its  calcareous  and  shelly  accumulations,  and  then  escaped 
the  great  de])osit3  of  sand  which  are  so  alike  at  Swindon  and  at 
Portland,  but  have  here  only  a  representative  of  a  few  feet.  f*rom  the 
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absence,  however,  of  any  intervening  Kimmericlge  dsy^  it  oa& 
soarpely  be  so  old  au  opiaode  as  the  Bonlognian. 

Devizes. 

The  exposnro  of  Portland  rocks  in  this  neighbourhood,  as  marked 
by  the  Geological  Survey,  is  a  feeble  one.  It  may,  however,  bo 
considered  as  modelled  oji  the  Swindon  type,  thoufrh  ex])osing  only 
the  lower  beds.  The  topmost  part  of  the  Kimmeridge  Clay  in  very 
Ban^,  and  oontama  fhe  usual  Binndon  and  Hartwell  fbssils ;  the 
greipahrjeSLtm  sands  oredie  tiiis ;  and  above  these,  agsan,  at  Crook- 
wood,  axe  some  fissUe  limestones,  irith  Peetm  lamdlosiu  uaA  Triffonia 
gOibota, 

8wind(m. 

The  seotioiis  in  this  neighbourhood  arc  the  most  extensive  and 
interesting  out  of  the  islands  of  Portland  and  Purbeck;  and  yet, 
though  the  locality  has  been  visited  again  and  ap^ain,  they  really 
seem  almost  unknown,  and  the  interi)retutions  placed  on  the  phe- 
nomena visible  in  the  great  quarries  themselves  arc  strangely  con- 
tradietoiy. 

Hie  first  ptnnt  of  interest  is  the  relation  of  the  Porbeek  to  the 
Portland.  Vt.  Fitton  merely  notices  the  presence  of  botryoidal 
limestone  over  the  Portland.  Mr.  Brodie  *  describes  the  Purbeck 
beds  only,  proving  their  freshwater  character  by  the  contained 
fossils,  and  states  most  truly  that  the  surface  of  the  Portland 
strata  has  been  greatly  denuded  previously  to  the  deposition  of  the 
overlying  group ;  for  in  many  cases  the  latter  is  deposited  in  hollows 
and  eavities,  where  the  Portland  Sand  has  suffersd  erosion  by  water,** 
On  the  other  hand,  Hr.  Gkidwin-Austen  f  states  that  with  the  dip 
of  the  beds  south  these  disturbed  bands  of  clays  and  sands  arc  seen 
to  bo  surmounted  by  layers  of  tranquilly  deposited  sandstones  in 
thin  layers,  interstratified  with  sands,  and  in  these  the  forms  of  the 
marine  Portland  reappear."  No  such  sands  and  sandstones  are 
recorded  by  any  other  observer ;  their  precise  supposed  position  is 
not  indicated;  the  names  of  the  marine  sheHs  are  not  given ;  and  I 
have  seaiched  tix  any  sneh  in  vain*  On  ^us  statement  tiie  anther 
ftonds  the  belief  that "  the  Wealden  (Purbeck)  is  not,  as  has  hitherto 
been  represented,  a  freshwater  accumulation  of  an  area  of  dry  land 
subsequent  to  the  oolitic  period,  but  was  contemporaneous  with  the 
Portland,  and  jMjrhaps  even  with  older  portions  of  the  oolitic  series." 
This  view  is  not  confirmed  by  the  officers  of  the  Geological  Survey 
in  their  memoir  on  this  district ;  but  in  the  report  of  the  excursion 
of  the  Oedlogists*  Association  to  Swindon  in  1876  nnder  the  goidanee 
of  Mr.  Moore  t  it  is  stated  that  above  a  *' so-called  Purbeck  bed," 
"the  regular  Portland  limestone  comes  on  airain  rich  in  casts  of  the 
usual  Portlandian  shells,  showing  most  clearly  how  '  Purbeck '  and 
*  PortlEind '  conditions,  inosculated  at  this  spot,  and  that  ....  we 
actually  have  the  Portlandian  overlying  the  Purbeck  on  the  east 

*  Quark  Jonm.  Geol.  Soc.  toI.  iii.  p.  53.  t  Ibid,  toL  vi.  p.  460. 
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Bido  of  the  pprpat  quarry  at  Swindon."  It  is  obvious  that  a  quarry 
that  can  give  rise  to  such  ideas  must  show  a  very  remarkable 
Bcction ;  and  in  fact  a  more  complicated  and  at  the  same  time 
inBtnietiTe  una  of  seetioxis  I  liava  never  seen.  The  whole  resulfc 
of  thdr  Rtady,  howoTor,  Is,  distinctly  to  negatLre  the  idea  of  any 
intermixture  of  fonoatioiiB,  and  to  snow  that  the  one  is  nnconfonn- 
able  to  the  other. 

I  have  carefully  traced  every  bed  through  every  part  of  the 
quarry,  and  have  examined  each  for  fossils,  so  far  as  to  settle  the 
question  of  the  marine  or  tiuviatile  origin  of  the  beds ;  and  I  now 
present  a  continuous  section  (figs.  2-7,  p.  205)  which  will,  I  believe, 
demonstrate  the  troth  of  the  idea  of  nnoonfonnability. 

The  particular  section  which  really  shows  a  very  peculiar 
development  of  true  Portland  rocks  beneath  the  Purbeck  is  in  the 
N.E.  corner  (fig.  H  ) ;  it  will  ihereibre  be  best  to  begin  at  that  point 
and  trace  the  beds  either  way. 

The  northern  face  of  this  quarry  shows  an  eroded  surface  of  the 
main  Portland  rocks  of  the  district,  which  for  the  sake  of  distinc- 
tion may  be  called  for  the  present  the  basal  sands.  In  the  hol- 
lows of  this  surface  and  for  a  few  feet  above  are  some  flaggy  lime- 
stones, the  relations  of  which  to  the  deposits  succeeding  to  the 
south  are  obscured  by  a  pot-hole,"  but  which  appear  to  belong 
to  a  set  which  overlie  all  the  other  l)eds  in  these  quarries.  No 
fossils  have  been  discovered  in  these  flags.  The  eastern  face  shows 
also  an  eroded  surface,  but  a  more  r^ular  cue ;  and  lying  on  it  is 
(a)  a  lenticnlar  mass  of  brownish  earthy  sand ;  it  is  of  very  limited 
extent^  as  it  may  be  traced  in  less  than  a  hundred  yards  from  its 
commencement  to  its  dose,  and  is  never  more  than  4  feet  thick.  It 
contains  black  carbonaceous  patches  ;  and  hardened  parts  of  it  have 
Trn/onia  (jibbosa^  Ccrhhium  portlamVu  iun ,  and  Lurina  in  them.  A 
iooiho^  CroHiopholis  and  freshwater  shells  have  been  reported  from  here. 
Upon  this  is  (6)  a  white  creamy  limestone  of  more  uniform  Uiickuess, 
bnt  of  no  greater  horizontal  extension.  It  has  an  even  snr&oe  below, 
but  above  is  festooned  by  the  encroachment  of  the  sncceeding  beds 
before  its  consolidation.  This  contains  TurTriidfa  (cf.  miuv.ia^  Koch 
&  Duiikcr).  ami  a  little  Gasterojxxl  like  a  smooth  Turbo,  but  which 
has  not  sutiicient  character  for  naming.  In  some  places  it  also 
contains  abundance  of  Ctrithiurn  jjitrtlaittiicum.  The  next  dei)osit 
(c)  is  a  dark  earthy  clay,  at  first  sight  like  the  material  ot  a  "  dirt 
bed  I**  bnt  both  uiis  and  a  are  distinguished  from  the  somewhat 
similar  overlying  beds  by  the  absence  of  any  rolled  stones.  The 
dark  clay  is  no  more  extraordinan,"  than  similar  deposits  in  the 
Chalk.  The  termination  of  these  three  takes  place  together  at  the 
same  spot,  where  they  are  all  rounded  oH'  between  the  succeeding 
deposit  and  the  basal  sands,  as  in  the  figure.  Overh'ing  this,  and 
forcing  it  to  take  up  its  irregular  shape,  is  (d)  a  shell  limestone 
composed  of  CerWdum  jpoHltmdieum  an^Astarfe  rugoia,  with  more 
occasionally  Trigwia  giihoiOf  Fiectm  lamelUmtgf  CtmUum  disnmUe, 
Keritoma  siniwsa^  Bucciniim  aiH/uIufum^  and  CorhiceUa  Morasana, 
These  have  collected  in  hardened  blocks,  which  sank  into  the  soft 
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mud  bebw  or  1>eoame  agglutiiuited  to  the  basal  sands  when  a  and  9 
bad  died  oat. 

This  passes  up  into  (e)  a  bed  wiaoh  below  is  a  calc-tuff,  but  which 

gradually  chnnfi^es  through  a  fine-f^rained  broken-shell  limestone 
into  a  line  white  uufossiliferous  limestone,  and  continues  in  an 
irrcfjular  manner  into  (/)  a  rather  thick-bedded  limestone.  These 
three  have  a  maximum  united  thickness  of  about  12  feet.  They  die 
oat  one  after  another  against  the  basal  sands,  whose  upper  part  has 
hereaboats  a  more  eontinoons  hardened  block.  The  termination  of  / 
is  not  seen ;  but  the  end  of  the  others  may  be  traoed  in  the  intervfld 
between  the  two  quarries.  In  the  next  quarrj^  to  the  south,  how- 
ever, the  top  block  of  the  basal  sands  has  again  6  inches  of  stone 
full  of  Ctrithiina  portlaihUcnm  surmouuting  it,  showing  that  d  is 
discontinuous  by  erosion  and  not  by  lack  of  deposit.  The  beds  thus 
enamerated  are  nowhere  else  seen  in  the  quarries ;  but  the  Purbecks 
which  orerlie  the  basal  sands  on  the  western  side  may  all  be  iden- 
tified with  those  that  are  to  follow.  The  first  of  these  {g,  fig.  3)  is  a 
light  limestone  brash,  6  feet  in  thickness  where  first  seen,  but  rapidly 
diminishing  to  zero.  Incorporated  in  it  are  various  stones  derived 
from  the  three  lower  beds,  containing,  of  course,  the  fossils  of  the 
beds  from  which  they  are  derived  ;  but  there  are  sandy  masses  as 
well,  80  as  to  leave  no  doubt  of  the  remanU  nature  of  the  stones  ; 
towards  the  top  this  bed  beoomss  more  compact.  Farther  on  in  the 
same  qaarry-faee  are  two  shallow  erosions  such  as  might  be  made  by 
a  winding  river ;  and  thoy  are  half  filled  by  deposits  similar  to 
dying  out  on  their  sides.  These  are  darker-coloured  at  the  base, 
and  contain  very  obvious  stones.  The  compact  upper  j)ortion  (/<)  is 
continuous  into  the  first  hollow,  and  is  then  cut  off,  but  occurs 
again  in  the  next  hollow  ;  it  attains  u  maximum  of  2  feet,  when  it 
becomes  qnite  a  creamy  limestone  and  yields  small  Pdludmm* 
AboTO  this  comes  (t)  a  dark  line  of  earth  which  becomes  black 
towards  the  east,  and  contains  many  little  white  stones,  as  if  it  were 
a  "  dirt  bed  "  or  vegetable  mould.  This  passes  into  (k)  a  limestone 
brash,  which  yielded  me  a  crocodilian  scute.  These  two  beds  com- 
Dienco  at  one  end  of  the  quarry  at  1  foot,  increasing  to  4  feet,  and 
then  die  away  to  2^  feet.  Above  comes  (/)  some  thiu-bedded  ferru- 
ginous-looking stone,  which  gradually  thickens:  the  base  is  still 
more  ferroginoos  and  solid ;  bnt  I  have  not  seen  any  fossOs  in  it. 
The  topmost  deposit  (m)  beneath  what  may  be  an  overwash  of  any 
age,  though  distinct  from  the  modern  soil,  is  anotiier  dark  earthy 
band  similar  to  /  or  the  base  of  g.  All  these  numerous  beds  die  out 
shortly  to  the  south,  though  the  manner  of  their  disap])ea ranee  is 
not  visible ;  for  in  the  next  quarrj-  (tig.  4)  we  find  nothing  but  the 
flaggj'  beds  of  the  first,  N.E.,  pit  overlying  the  basal  sands. 

Having  thus  followed  the  several  beds  along  the  eastern  side,  we 
are  able  to  understand  better  the  appearance  presented  by  the  western 
face  of  the  greater  qnarriea  (figs.  5  7).  None  of  the  deposits  firom 
a  to  f  can  be  recognized ;  but  the  basal  sands  present  an  undulating 
surliice,  on  which  lies  a  brownish  calcareous  earth  witli  stones  of 
various  sizes  along  th^  bottom,  and  attaining  a  maximum  of  3 
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feet.  This  reminds  us  at  once  of  7,  especially  as  seen  in  the  last 
erosion,  and  is  no  doubt  ita  continuation ;  for  upon  it  we  find  a 
creamy  limeiitoue  similar  to  7t,  whose  thickening  in  one  direction  and 
dying-ofui  in  the  otiiar  may  liiBre  be  tneed.  Tbis,  again,  is  followed 
by  the  renreBentatiyes  of  the  earth  and  the  braahy  limeetoiie  i  and 

here  fiul  of  Gypride.  The  blocks  at  the  base  aie,  in  one  or  two 
cases,  of  large  size,  containing  Cerithiumportlandicum ;  and  there  are 
rolled  fra^ents  of  Kimmeridge  (?)  Clay;  but  usnally  they  are  only 
small  white  stones,  and  the  limestone  becomes  compact  towards  the 
top.  The  thin-splitting  ferruginous  rock  follows  for  about  1  foot ; 
and  then  succeeds  a  line  of  laminated  dark  earth  between  two 
lighter  bands;  and  orer  all  oomea  8  or  4  Ibet  of  flaggy  limeatone, 
which  may  be,  but  ia  not  proved  to  be,  the  same  that  OTeriiea  tiie 
baaal  aands  at  tho  north  and  aouth  extremities  of  the  eastern, 
section.  But  the  extraordinary  series  of  local  deposits  is  not  yet 
exhausted ;  for  the  ferruginous  beds  (/)  which  disappear  to  the  south, 
when  traced  northward  come  to  a  bank,  against  which  they  end, 
and  have  derived  blocks  on  the  slope  at  their  base.  This  bank  is 
fi>rmed  by  first  another  dark  clay  band  like  i,  and  then  by  a 
maaa  whidi  ia  rabUy  towards  the  base,  but  ealoaieoos  towards  the 
top,  and  has  a  limestone  band  in  the  middle.  All  here  is  covered 
by  the  dark  sandy  soil  referred  to  the  Lower  Greensand. 

We  have  now  to  determine  where  among  these  deposits  the 
rortland  rock.s  end,  and  thereby  to  learn  the  nature  and  circum- 
stances of  formation  of  tho  upper  beds  of  that  series.  The  section 
given  in  the  Geologioal-Snrvey  Memoir  of  the  N J!,  quarry  shows 
that,  while  d  and  e  are  considered  Portland,  /  is  considered  Pnrbeck. 
That  of  the  western  side  makes  t,  or  2,  or  m  the  first  Purbeck  bed, 
according  to  the  part  of  tho  quarry  it  is  supposed  to  be  taken  from ; 
while  h  is  said  to  contain  Trltjomfp^  and  the  /  on  this  side  is  called 
Portland  Limestone,  because  of  the  nodular  fossiliferous  masses  it 
contains,  Mr.  Brodie's  section,  however,  makes  /*  contain  Plannrhisy 
and  reckons  it  as  Purbeck.  I  certainly  saw  no  Trigonics  in  h,  nor 
any  thing  bat  impressions  of  small  sheUs,  except  on  the  east  side, 
where  the  PahtdiiuB  occur.  I  conid  find  no  freshwater  fossilB  in  /; 
bat  its  general  behaviour,  lyin^r  in  hollows,  and  being  filled  at  its 
base  with  derived  Portland  blocks  and  small  stones,  proves  its 
unconformity  to  the  Portland,  and  that  it  was  deposited  under 
circumstances  lhat  are  only  to  be  found  in  the  Purbeck.  On  tho 
other  hand,  d  is  undoubtedly  Portland  by  its  fossila;  and,  as  a 
matter  of  &ot,  all  the  fossils  f onnd  in  the  actual  beds  abore  g  are 
fireshwater,  all  those  of  the  beds  bebw  d  are  marine.  As  £>r  e  and 
/,  they  attach  themselves  to  d  both  actually  and  in  their  range ;  and 
yet  e  is  a  calc-tuff,  like  the  usual  ])asc  of  the  Purbeck,  and  both 
appear  to  bo  unfossiliferous.  Their  character,  therefore,  at  present 
is  doubtful,  and  wo  must  draw  the  u])per  line  of  the  Porthind  cither 
above/ or  above  d  ;  in  the  latter  case  it  would  certainly  be  easy  to 
obtain  a  block  of  which  the  upper  part  would  be  Purbeck  and  the 
lower  Portland.  Thb  inoliiieB  me  to  inelade  the  two  in  the 
latter. 
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In  the  general  section  of  Swindon  (see  Fl.  VIII.  fig.  5)  we  maj 

therefore  include  all  the  deposits  from  a  to  /,  as  : — 

No.  1.  This  is  shown  to  be  exceeding  local  in  ran<r(\  and  different 
in  character  from  any  other  Portland  rock ;  but  its  origin  cannot  be 
flatiafaotonly  discossed  until  after  the  description  of  tbe  moeeediDg 
beds. 

No.  2,  hitherto  called  the  '*hasal  sandi,''  have  much  of  that 
ohaxaoter;  but  even  when  most  sandy  they  are  still  calcareous,  and 

in  parts  consist  of  comminuted  shells.  There  are  many  irrecrular, 
hardened,  calcareous  blocks,  and  somo  lines  crowded  by  Tri'jonia 
gihhosa  of  many  varieties  and  other  shells,  especially  about  9  ft.  from 
the  base.  A  good  deal  of  it  is  false-bedded ;  and  the  blocks  oftan 
lie  poralld  to  the  false  dip,  and  not  to  the  tme.  It  is  of  nneven 
thickness,  owing  to  erosion  at  the  top ;  the  maximum  meaisurement 
is  27  ft.  It  would  be  impowible  for  any  one  who,  like  Dr.  Fitton, 
had  examined  the  Portland  series  in  other  districts  to  mistake  the 
nature  of  these  rocks.  They  are  the  obvious  equivalents  of  the 
Tisbury  stone  and  the  lower  portion  of  the  flinty  series  at  Portland. 
Here  they  have  a  minimum  of  consolidating  silica,  at  Portland  a 
mazimxnn.  They  are  aceoidingly  so  deeeribed  by  him ;  and  in  this 
he  is  followed  by  Godwin-Austen  and  Damon.  But,  for  some  reason 
(nowhere  stated),  the  Geological  Snrvey  has  called  these  beds  Portland 
Sands,  and  coloured  them  so  on  the  map ;  and  hence  they  have  been 
in  late  years  so  considered.  This  has  led  to  furtlier  errors  and  to 
an  unfortunate  overlookiupj  of  the  true  Poi-tland  Sand  in  this  district. 
The  principal  fossils  of  these  calcareous  sands  (besides  the  usual 
Trigwia^  Pema,  &o.)  are  (ktrM  BoUtaria,  Idma  niitica,  MytUvi 
ungwimtktiM,  Oypnna  pulehsilaf  CorhuJa  demmarieniiSy  and  JPleurO' 
mya  tellina  ;  but  they  are  not  common. 

No.  3.  The  beds  -which  follow  these  in  the  qnarry,  and  which 
appear  to  have  been  seen  only  by  Mr.  Godwin-Aiistcn,  are  of  consi- 
derable interest.    They  are  very  fossiliferous,  and  i)resent  a  greater 
development  than  the  corresponding  beds  at  Tisbury  and  Portland. 
They  are  only  seen  in  the  deepest  parts  of  the  gieat  qnany — at  the 
present  time  towards  the  south-west  end.   Here  are  7  ft.  of  mbbly 
Mmestone-rock  full  of  Trigonia  gihhona^  the  middle  part  entirely 
made  of  them.    This  is  used  for  roads  only  :  but  the  lo\\  (>st  part 
is  said  to  be  bnnit  for  lime.    At  its  base  is  a  great  accumulation  of 
Lydian  stones,  or  grains  of  glaucoiiite.    These  subdivisions  do  not 
seem  verj'  constant  in  character,  nor  the  shells  always  the  same  ;  for 
the  seetiion  given  by  Mr.  Oodwin-Austen  of  the  opposite  (N.E.) 
oomer  is  somewhat  different  in  detail.  Fortunately,  however,  these 
beds  have  a  wider  range  and  some  economic  value,  and  hence  are 
quarried  at  several  places  in  the  neighbourhopd.    The  nearest'  to 
Swindon  is  that,  long  knowm,  on  the  north  of  the  road  to  Coate. 
Here  are  two  sections  sueceeding  (mo  aiiotlier  on  the  di]>.  which  is 
to  the  south.    In  the  first,  nearest  the  road,  only  the  ordinary  sandy 
beds,  with  their  great  indurated  blocks  (as  in  the  great  quarr}  ),  are 
to  be  seen ;  but  in  the  second,  succeeding  these  in  perfectly  clear 
sequence,  are  the  foUowing : — 
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Sieiion  narik  of  the  Boad  to  CoaU, 

ft.  in, 

a.  Calcareous  sands,  with  hurd  block  (as  iu  great 

quarry)    8  0 

b.  Cardiu/n-  nnd  I'riffatiin-hiKl    3  8 

c.  Wbito  chalkj  rock,  witb  Cardia   1  2 

dL  Limettoas  iNmili,  vith  Trigonim   2  6 

fc  Qliwomlie  linwrtong^  in  tiro  badi   2  0 

There  cannot  be  the  slightest  doubt,  then,  that  these  beds  succeed 
those  of  the  great  quarry  in  a  dofwnward  direoHon*  The  supposition 
tliat  tiiey  eoneeponded  to  the  beds  overlying  the  basal  sands  "  has 
led  to  the  introduction  upon  the  map,  at  tUs  spot,  of  a  fault  which 
does  not  exist.  This  quarry  forms  part  of  a  slight  synclinal  fold  ; 
for  oh  the  other  side  of  the  road  is  another,  in  which  the  beds  dip 
to  the  north.  This  shows  the  same  succession — the  "  basal  sands  '* 
at  the  top  and  the  remainder  of  the  beds  below,  the  last  becoming 
yery  argillaceous.  There  is  some  doaht  whether  the  glaucouitic 
bed  onght  not  to  be  separated  from  the  rest,  though  it  doubtless  eor- 
responds  to  the  base  of  Ko.  3  at  Swindon.  These  quarries  show  a 
very  interestang  fauna,  as  in  the  following  list : — 

Fossils  of  the  Trigonia-6<;tZ:f  mar  Swindon, 


e,  Ammonitee  boloniensis  {JJe  L.), 
— —  pectinatus  {Ph.). 

 Boisdini  {De  Lor.). 

Flenrotomaria  rugata  {Btn,), 
Natiea  elegans  {Sow.). 
«.  Trigonift  gibbom  {8cm,). 

 Yoltzii  {Ag.). 

— —  incurva  {Ben.). 

^in  ^)  Garrei  {Mun.  Chal.), 

(iac)  Cyprina  eljiigatn  (Phh^). 

Oypricardia  ooatifora  {Miake). 


Anisocardia  pulohella  {DeLor.), 
e.  Oardium  dimmile 
Luoioa  portbindica  (Sow.Y 

c.  Pleuromyjv  (cllina  (  VoUm}. 
Tbracia  teuem  \  A'j.). 
Mytilns  un^iculatua  (PhiU,), 
— —  bolomons^ic  { l)f  Jjor,). 

 pemoideti  {JiuTn.). 

Lima  raatioa  (wier.). 

■  oruatn  f  /?  "■  ). 

Pecten  lauiciiusus 


The  quarry  to  the  east  of  the  reservoir  reaches  to  the  upper  part 
of  these  beds,  haying  No.  2  overlying.   It  is  oharaoterized  by  the 

abundance  of  Ammonites,  Pecten,  and  Pleuromya,  as  above. 

The  outlier  at  Bourton  (PI.  VIII.  fig.  6)  shows,  for  the  most  j)art.  a 
continuation  of  these  beds.  In  the  southern  quarry  little  but  loose 
sandy  limestones,  w  ith  very  few  fossils,  are  seen.  These  no  doubt  cor- 
respond to  the  "  basal  sands  of  Swindon.  The  only  fossil  actually 
seen  was  Triffonia  gUbhon ;  but  both  this  and  Ammoniies  become  more 
abundant  towards  the  top.  In  another  «]  u  arry  in  the  village,  ^  suc- 
ceeding ruhbly  beds  are  full  of  various  fossils — Phurotonumaruffata^ 
Pecten  laiiuUosits,  Tnrjoma  gihhos't.  Canliuin  P^flat!,  C'iprina  swin- 
donctisis.  &o.  The  most  noteworthy  Icuture  is  the  abundanceof /v7jt/io- 
hrissus  Bro'i in ,\y\n^\\,  like  all  other  Tortlaudian  urchins,  is  elsewhere 
so  rare.  The  Cardium,  recorded  also  by  31.  Saemann  from  Swindon, 
and  compared  by  M.  De  Loriol,  is  distinctly  different  from  C.  dimmiUf 
and  belongs  to  the  lowest  true  Portland  beds  at  Boulogne ;  and  the 
Cyprma  is  found  at  a  lower  horizon  at  Swindon.  Besides  these  are 
many  Ammonites  not  seen  in  tUu — A*  boUnwuU,  A,  bipka,  and  a 
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curious  form  not  seen  elsewhere, — perhaps  the  A.  Bleteheri  of 
Boulogne.    These  beds  have  a  thickness  of  some  8  ft. ;  and  they  are 
snooeeded  hy  a  strong  solid  Idook  3  ft  thiek,  for  wbieh  tiie  quarry- 
is  worked.   This  oontains  few  or  no  Trigmiatj  bat  is  fall  of  Fema 
Bwdiardi  and  oystors.   Its  base  is  foil  of  dark-coloured  stones  of 
various  materials  and  sizes.    Among  them  arc  Lydian  stones  and 
light-coloured  quartz  ;  but  some  are  hardened  phos])hatic  nodules 
derived  from  fossils  of  provious  formations,  mnong  wliich  a  Cardinm, 
aad  a  FUuromya  arc  recognizable,  doubtless  from  some  part  of  the 
£mmeridge  cUj,  The  infersnoe  to  Im  diawn  from  tiiese  nodules 
must  not  be  overlooked.   Glanoonitie  grains,  deriTod  donbtless  in 
the  same  manner,  are  usaally  characteristic  of  the  sand  below ;  and 
similar  nodules  occur  in  the  lower  beds  atTisburj' ;  but  aXi  are  absent 
in  the  district  of  Portland.    Hence  these  more  northern  districts 
were  more  rapidly  u])heaved  than  those  to  the  south,  and  brought 
earlier  into  the  conditions  which  are  necessary  for  calcareous 
deposits.   Below  this  hardened  block  comes  a  mass  of  argillaceous 
shellHX>nglomerate,  like  No.  5  of  Swindon,  to  be  notieed  hereafter. 
All  these  features  indicate  that  the  fossiliferous  Bourton  beds,  thongh 
of  a  similar  stmctare  to  the  IWgro >aVc -beds  at  Swindon,  represent 
a  slightly  earlier  date  as  well  as  that  at  which  the  latter  were 
formed.    These,  therefore,  arc  the  earliest  rocks  which  in  this 
district  can  be  referred  to  the  Portland  Stoue,  and  are  parallel  to 
the  Trigonia-hed  at  the  baso  of  the  Tisbury  fireestone. 

The  similarity  of  the  soooession  notieed  in  the  Tarioos  distriets  as 
yet  desoribed  shows  that  the  order  of  events  was  the  same,  but  affords 
no  proof  that  they  were  synchronoos ;  the  evidence  of  the  fossils,  on 
the  contran*,  goes  to  show  that  the  more  northern  were  the  earlier; 
and  this  we  must  bear  in  mind  in  interjireting  the  higher  beds. 

The  "  basal  sands  "  of  Swindon  have  l>een  seen  to  be  covered  with 
shelly  mas.scs  abounding  in  Astarte  rut/osUf  jmt  m  the  freestone  of 
Chicksgrove  is.  These  masses  have  other  fossils  in  common ;  bat 
the  OerUkium  is  not  coneavumj  but  poriltindimnj  and  therefore 
ceases  to  be  a  gaidc,  and  we  most  take  the  base  of  the  chalky  beds 
of  Chicksgrove  and  Upway  as  the  anterior  limit  for  the  age  of  No.  1 
here.  If  the  Purbeck  bo  always  of  the  same  age,  the  ])osterior  limit 
would  be  tlie  age  of  the  l?oach  ;  and  thus  tlie  few  small  beds,  limited 
to  the  N.E.  of  the  Swindon  quarry,  would  represent  a  long  interval 
of  time — too  long  for  their  obviously  rapid  deposition.  No  doubt 
there  may  have  been  Cert^tiim-heds  overlying  /  (if  that  be  truly 
Portland),  of  which  the  blocks  in  ^  are  the  only  remnant ;  but  there 
is  no  proof  of  this.  Moreover  we  must  not  fo^et  the  difference 
in  character  between  the  Purbecks  of  Swiiidon  and  those  of  more 
southern  districts.  In  the  latter  we  have  uiiit'orni  dcjiosits  over  con- 
sidorable  distances,  lying  on  unevenly  but  not  deeply  eroded  Portland 
rocks ;  in  the  former  there  are  the  carvings  of  rivers,  the  transported 
blocks,  and  the  rapid  dying*ont  of  deposits — ^all  fbatures  charao- 
teristio  of  subaerial  action.  Seeing,  then,  that  we  have  reason  to 
believe  that  the  earliest  "Portland  Stone"  hero  antedated  that  at 
Portland,  we  are  justified  in  concluding  that  the  land  here  emerged 
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sooner  from  the  ocean,  and,  moreoTer,  moro  rapidW ;  hence  the 
regular  depodts  xeaohed  only  to  tiie  ''basal  ianda."  ThaiineiUiioDB 
frMn  tihe  laod  produced  i3i6  atraage  of  the  bed^  asaog- 
geatedliy  Mr.  Godwin- AQBton;  and  filially  the  newly  risen  Portland 
was  carved  out  by  tho  river  whose  course  is  Btill  marked  in  the 
quarr}-.  The  more  gradual  elevation  of  the  south  left  time  for 
the  deposition  of  tho  Whit  bed  and  the  Roiich ;  and  ^vhen  the  sea  was 
finally  oxpolied  its  place  was  taken  by  a  largo  shallow  lake,  ofttimes 
dried  up,  and  during  porliona  ni  the  minor  osdllationa  supporting 
ibreata  of  cyoada  and  ooniferB,  whoae  growth  on  the  spot,  weU  known 
there,  is  sought  for  in  Tain  at  Swindon.  We  are  led,  ther^ore, 
to  this  apparently  strange  conclusion,  that  the  freshwater  strata  of 
f^irindoit,  tJiowjh  unconformable  to  those  helow,  and  representing  the 
Farfxrh  in  tJie  order  o  f  eve)iis,  are  prohaldy  in  point  of  adiud  time 
as  oUl  as  some  parts  of  Uie  Portland,  This  couclutiion  will  be  found 
confirmed  by  a  study  of  the  diatriots  further  north. 

Ko.  4.  Below  the  limeetonea  at  Swindon,  and  for  aome  way  round, 
is  a  very  stiff  clay,  which  rapidly  breaks  down  on  ezpoaure  to  the 
weather.  It  is  very  retentive  of  water,  and  makes  a  base  for  the 
wells  of  tho  town  and  for  the  reservoir  to  the  south,  I  have  seen  it 
in  several  places  ;  but  in  only  one,  a  newly-made  well  in  tho  town, 
were  any  fossils  obtainable.  These  were  Trigonia  inairva  or  l\  Uati, 
Pertui  liouchardiy  MytiliLS  aiUissiodarensiSf  Corbula  dammariensis^ 
Ana  Beattgrandif  and  Cyprina  dmgakt — a  firana  which  dcddes 
their  correlation  with  the  Portland  Sand.  I  have  not  seen  the 
true  thidmesa ;  hut  it  was  reported  to  me  as  20  feet,  which  must 
he  a  maximum.  It  will  be  remembered  that  just  such  a  clay 
precedes  tho  shelly  limcstouos  in  tho  Isle  of  Portland.  This  clay,  at 
Swindon,  has  unfortunately  been  mistaken  for  the  Ximnieridp;e  ('lay, 
which  has  had  tho  effect,  first,  of  inducing  tho  reference  of  tho  rocks 
above  to  the  PorOand  Sanda,  and,  aeoondly,  of  causing  a  neglect  of 
the  underlying  beda.  It  waa  to  the  latter  that  Br.  fltton  alluded 
when  he  wrote  of  the  Portland  Sands,  though  they  appear  to  have 
been  not  well  exposed  in  his  time. 

No.  5.  This  bed  is  so  well  exposed  in  road -sections  to  the  north  and 
west  of  the  Swindon  hill,  and  contains  so  interestinoj  a  fauna,  that 
it  is  extraordinary  that  it  should  have  attracted  so  little  attention. 
As  scon  in  the  great  road-cutting  on  tho  north  slope  of  the  town,  its 
upper  part  is  a  sandy  glanconitic  day,  full  of  fossils,  and  the  lower 
]wrt  is  a  regolar  lumaohelle  of  Exogjfra  IruntnOana,  The  total 
thidmessia  not  hero  seen,  but  it  must  be  more  than  6  feet.  On  the 
western  slope  of  the  hill  there  is  another  road-exposure  of  these  and 
the  beds  below.  Hero  the  present  jwrtion  is  a  sliarp  ferruginous 
sandstone  of  brown  colour,  very  irregular  in  its  manner  of  lying,  as 
though  near  its  termination.  It  occupies,  however,  the  same 
position,  and  must  be  a  modification  of  the  other  form ;  Br,  litton 
aBadea  to  a  third  form  of  it  The  foaaila  abo  areaomewhat  different, 
and  tho  oysters  scarcely  make  a  lumaohelle.  These  beds  have  not 
been  half  searched  ;  they  would  j-ield  a  very  large  fauna.  A  few 
hours  on  difforent  ocoaaiona  have  produoed  the  loUowing : — 
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Fossih  of  the  Portland  tSand,  Swindon. 


Ammonites  biplex  (Sntr.), 

e.  pectinatus  {I  k.). 

Al&ria  Thurmaani  {OmiX 
Cerithium  Lamberti  {Dejjor^, 

e.  Turbo  Foucardi  (C^^^.)- 

Pk'uromya  Volt^ii  (^."7.)' 

iPleotomya  rugosa  (Jiom.). 
e.  Pholadomja  tumida  {Ag.). 

Sowerbya  lougior  {Blake). 
C.  Aatart<>  polymorplia  {  ('<>nt.). 
*  iSaiuanni  {I)c  Lttr.). 

Myooonoha  portlnudioa  {BkM), 

 Sffiuianni  {U'-nj\). 

Cjprina  swindoneutiis  {Blake). 

— —  pulchella  (De  Lot,), 

Lttbodomiis,  ep. 

Lucina  fragosa  {De  Lor.). 

Oardium  Moriuicum  {De  Lor.). 


C.  Trigonia  Pellati  {Dc  Lor  ). 

 swindouciiHis  {Blake). 

Area  Telledn  (UtoXor.). 

Mytilus  nutissiodorenHis  {Oott^ 

 lougSBvus  {Cont,). 

 bolonienau  {Be  Lor.), 

Perna  Bayani  ?  {De  Lor.), 
e.  Bouchardi  {Opp.). 

Pinna  suprajurensis  {If  Orb.). 

Lima  boloniensis  {Dr  Lor.), 
c.  PecU'D  Morini  (A  Lor.). 

 Buprajoreusis  {D'Orb.). 

 soUdus  {JR&m.). 

Placun  )p~is  Lyn  'ti  {Dr  Tjyr.). 

Ostrea  bouuiua;  {^De  Lor.)  ? 

Exogym  brunt  rutana  {Thurm.), 
*  Acrosalenia  Koenigi  {JDeem,), 


More,  perhaps,  of  these  are  new  than  the  list  would  indicate; 

but  whatever  names  are  assi<rned,  tho  fauna  itsdf  is  von*  distiDct 
from  that  of  the  Portland  rock.  Trlffonia  ffibbosn  his  not  yet 
arrived,  nor  even  Canllnni  dissimile.  Many  of  the  forms  are  cha- 
ractcristic  of  the  so-called  middle  Portland  of  l^oulogno  or  of  the 
highest "  Portlandian  "  heds  of  other  districts.  Indeed  the  reEations 
are  closer  to  the  Eimmeridge  Clay  than  to  the  Portland  Stone;  yet 
the  stone  most  certainly  bclon<^s  to  the  Portland  Sau  l,  and  cor- 
responds to  Xos.  11,  lli  of  the  typical  section,  with  which  it  shows  a 
wonderfully  close  agreement.  At  liourton  the  bed  beneath  the 
conglomeratic  rock  is  just  like  the  toj)  of  this  at  the  north  of 
ISwiudou,  aud  contains  Fecttn  Jlorini  and  Pholadomya  tumida. 

Up  to  the  present  day  there  has  scarcely  been  known  a  partieolar 
fuina  for  the  Portland  Sand.  It  has  not  been  separated  palsDonto- 
logically  from  the  Stone ;  and  the  fossils  quoted  from  it  are  oft^n 
those  of  the  basal  bed  of  the  latter.  In  Dr.  Fitton  s  list,  which  is 
still  the  longest,  the  only  named  species  whirh  do  not  also  occur  in 
the  Stone,  are  two  »S(  rpnl(T,  a  Lima,  J^-ii/mu  lIitiK.,  and  Ostrca  soliiaria. 
In  Prof.  Phillips's  list  liemicidaris  Davidsoni  is  the  only  one  ;  but, 
in  reality,  many  of  his  additions  belong,  in  all  probability,  to  this 
horizon,  thongfa  quoted  as  firoro  the  Stone.  Such,  for  example,  must 
be  his  Pecten  nitescetis  (=P.  8olidu8\  Finna  lanceolaia  {ssP.  supro' 
juremuf),  Modiola  pectinata  {  =  Mift.  autissiodorensis\  Pholadomya 
ruxtiea  and  in'riiualis  {=P.  ti(mida),  and  A7n)iunii(,s  pedinnttis 
(which  ia  the  same  as  A.  Dcvdhi,  De  l.or. ;  but  Phillips's  name  has 
the  priority).  The  present  list,  with  those  that  occur  in  Dorset- 
shire, will,  to  a  certain  extent,  supply  the  deficiency. 

No.  6.  A  series  of  loose  yellow-grey  or  white  sands,  with  enor- 
mous doggers,  some  at  the  top  being  a  compact  calc-grit,  with  Tri- 
gonia Pellati  and  Plt  nromifa  J'oltzii,  some  nearer  the  bottom  being 
glaueonitic  and  more  fossiliferous,  with  Perna  also.   Below  these 

*  Poand  by  Mr.  HudlestoiL 
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tho  sand  becomes  much  more  argillaceous,  but  is  not  retentive  of 
water,  which  bursts  out  above  some  sandy-clay  beds  crowded  with 
tiie  usual  fossils  of  the  Ximmeridge  Clay.  The  line  between  the 
two  formations  is,  perhaps,  somewhat  arbitraiy;  but  the  porous  or 
non^porous  nature  is  of  some  consequence,  and  the  fossils  suddenly 
eease  aboYa  the  water,  except  in  the  doners.  This  latter  fact  is  of 
no  consetjuenco  ]);ihLM)iitologically,  as  it  may  simply  prove  that  tho 
percolatine:  waters  have  removed  the  fossilii ;  but  it  adds  to  the  proof 
of  the  litholo^ical  diange.  Including  all  this,  the  total  thickness  at 
the  north  of  Swindon  may  be  estimated  at  50  feet,  which  is  pro- 
bably not  betfond  the  truth.  ICr.  Qodwin-Ansten's  section  at 
Bourton  makes  this  only  7  feet  with  a  quaiy.  I  did  not  see  it  there ; 
it  may  haye  thinned  in  that  direction,  but  scarcely 'to  so  great  an 
extent. 

I  must  hero  confess  that  I  was  in  error  about  the  Ximmeridge 
Clay  at  kSwinduii  bein^  all  rx)wer  Kimmeridge.  The  sandy  bods  at 
the  top  belong  to  tho  Upper  by  their  fossils ;  those  belonging  to  it 
are  saeh  of  the  list  on  p.  211  (Q.  J.  G.  S.  vol.  xzzi.)  as  occur  in  the 
general  list  wilh  W,  only  against  them.  The  same  may  be  said  of 
the  clay  at  Hartwell;  it  is  Upper  Kimmeridge ;  the  fossils  recorded 
7.  c.  p.  212,  only  prove  its  relation  to  tho  Lower  Kimmeridge.  The 
ranpo  of  these  sandy  beds,  and  tlie  fossils  here  and  elsewhere  found 
in  them,  prove  them  to  C(irresi»ond  to  the  .strata  ahove  tho  first  paper 
slab  of  the  typical  section.  This  error  was  corrected  by  the  perusal 
of  M.  Semann's  statements.  Unfortunately,  from  their  misnaming 
these  beds  Portlandian,  I  had  not  read  MM.  Be  Loriol  and  Pellaf  s 
work,  in  which  these  statements  are  made.  A  further  examination 
of  the  beds,  however,  has  made  me  fully  concur  in  them. 

(kefordshire. 

In  this  county  there  is  no  place  where  the  whole  of  the  Port- 
landian rocks  can  be  seen  in  one  section,  and  no  special  {(Batnre  is 
presented  by  those  that  are  visible ;  hence  the  chief  importance  here 
is  the  means  of  connexion  afforded  between  the  counties  of  Wilts  and 
Bucks.  The  various  members  of  the  formation  dip  gently  to  the 
east,  and  are  overlaj>ped  nnconformably  by  tlie  ferruginous  sands  of 
a  later  period  ;  so  that  one  hns  to  traverse  miles  in  order  to  pass 
through  a  comparatively  small  thickness,  and  we  must  wait  for  tho 
interpretation  of  the  sections  till  Bucldnghamshiie  has  been  ex- 
am ined. 

The  uppermost  beds  of  the  Portland  here  showm  spread  out  in  a 
broad  area  by  the  villages  of  Great  Hazeley  and  (jreat  Milton.  The 
section  at  the  former  place  has  been  admirably  described  by  Dr.  Fitton, 
who  saw  a  lower  ]>ed  of  stone  than  is  now  visible  ;  and  I  need  only 
point  out  the  general  characteristics  for  the  sake  of  comparison.  The 
base  of  all  these  quarries  (PLYIIL  fig.  7)  is  a  yellow  sand  (4),  not  in 
the  least  glaucon&ic,  which  extends  downwards  some  10  or  12  feet. 
In  this  must  be  contained  the  lower  bed  of  stone  mentioned  by  Dr. 
Fitton.  The  lowest  stone  (3)  now  seen  is  a  shell-bra.sh  limestone, 
mostly  devoid  of  fossils,  least  compacted  at  the  top,  but  hardening 
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Iwlow  by  an  accumulation  of  shells,  so  that  at  the  base  it  is  full  of 
Triyonia  gihbosa  and  other  fossils.  This  varies  in  thickness  in  the 
quarries  Ihim  6  feet  to  8  feet»  but  lf.ahrajre  the  otjeot  of  the  eizca- 
▼ations.  It  is  separated  from  tiie  orerlying  zoeks  by  a  thin  band 

of  clay,  still  full  of  broken  Trigomasy  which,  in  an  ill-presenred 
state,  abound  throughout  all  the  sections  where  any  fossils  occur  at 
all,  and  especially  towards  the  base.  The  next  bed  (2)  is  similar  to 
the  one  below,  but  has  the  a])])earauce  of  rolled  masses  of  stone,  so 
consolidated  by  similar  material,  that  the  separate  i)ioces  are  scarcely 
recognizable,  the  whole  being  from  4  feet  to  5  feet  thick.  The  top  ( 1) 
is  a  solid  bloek  of  gritty  Umestone,  2  feet  thick,  with  Pemcs.  The 
chief  fossils  lie  here  in  beds  Nos.  2  and  3.  The  upper  one  contains, 
among  others,  CerilAiym por&andicum  ;  and  the  lower  one  baa  2W- 
gOMa  tuMrwi,  Lima  mxtira,  Pecten  hundhsus^  Ostrm  eTpansa^ 
.  and  PImromm  tellina.  The  presence  of  the  last  two  is  worthy  of 
note.  A  simihr  section  may  l)e  seen  at  Cuddesdon,  whore  the  road- 
way of  the  village  is  for  some  space  made  by  No.  2.  13ut  it  is  dif- 
flenlt  to  And  in  this  district  any  exposnre  <»  the  lower  beds.  Pits 
are  opened  and  closed  again  so  rapidly  that  it  is  a  chance  at  any 
moment  whether  any  are  visible.  There  is  a  road-section  to  the 
west  of  Great  Milton,  which  might  well  commence  at  the  base  of 
Ko.  4 ;  but  its  indications  arc  not  very  satisfactory.  It  would  show 
that  there  is  a  rubbly  limestone  (5)  with  Ph  uromya  and  Canlium 
(?  dissimiU),  which  is  vcrj-  argillaceous  towards  the  centre,  and  is 
followed  below  by  nodular  sand  (6).  Tb»  thicknesses,  whidi  are 
not  great,  cannot  be  aoeorately  ascertained.  Glimpses  may  be 
caught  of  a  similar  succession  at  Cuddesdon  and  Garsinprton.  At 
the  former,  dark  rubbly  beds  with  green  grains  and  small  pebbles 
form  the  upper  boundary  of  a  pond,  so  that  they  are  probably  pro- 
ceded  by  clay  ;  and  at  the  latter  a  temporary  excavation  showed 
4  feet  of  rubbly  green  glauconitic  beds  full  of  fossils,  in  which  Car- 
dium  Pellati,  Trigonia  incurva  ?,  and  AmnumUes  hiph.i:  abounded, 
but  Trigonia  gibbasa  was  very  rare.  This  became  v l  r y  soft  and  green 
towards  the  base,  with  a  number  of  small  stones.  Not  more  than 
30  feet  intervi no  between  this  and  the  Kimmcridj^'e  Clay,  which,  all 
over  this  district,  is  of  the  same  sandy  character  at  the  top  as  it  is 
at  Swindon. 

"NVe  are  now  able  to  place  in  its  proper  position  the  wt>ll-known 
section  at  Shotovcr  given  by  Pittou*,  Phillips  f,  and  Sajraann;}:. 
This  gives,  as  the  latter  author  has  shown,  a  bank  with  fossils,  in- 
cluding Trigcnia  gthbota  at  Htuo  top,  and  doubtless  the  home  ol  many 

of  the  fossils  quoted  by  Phillips.  This  corresponds  to  No.  5,  and  is 
succeeded  downwards  by  non-glauconitic  non-fossilifcrous  sands,  and 
then  sands  which  are  both  glauconitic  and  fossilifcrous  and  contain 
the  hn;Lre  dop:t:ors,  as  at  Swindon.  The  total  thickness  seen  here  is 
estimated  l>y  Prof.  IMiillips  at  from  70  to  80  feet.  There  can  be  no 
mistakinj;  these  sands,  with  their  glauconitic  grains  and  fossils  such 

•  Loc.  cit.  p.  278.  +  G«ology  of  Oxford,  p.  413  and  pi.  16. 

1  Be  Lofifllsnd  Pellat,M6m.  Ac  See.  jPhys.  tt  Hist  Kat.  QsnArSb  torn.  liz. 
p.  192,  pi.  i. 
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as  Pholadomya  tumida  (rustica,  Ph.).  They  are  the  strict  representa- 
tives, not  as  Prof.  Phillips  seems  to  havo  thought,  of  the  *'  basal 
sands  "  of  Swindon,  but  of  No.  0  of  that  station,  the  great  Kcries  of 
sands  which  lie  beneath  the  lossiliferous  zone.  This  is  important,  as 
showing  that  here,  at  least,  the  sanda  have  scarcely  diminished  in 
thickness,  thoagb,  tmrn  the  order  ot  ihe  heds  as  giyen  hy  Br.Fittoii, 
it  is  plain  that  we  cannot  trace  individual  portions ;  for  the  sand  and 
elaj  which  shonld  represent  Nos.  4  and  d,  seem  here  reversed  in 
position. 

The  whole  interpretation,  however,  of  this  Oxfordshire  district 
must  be  postponed  till  after  the  description  of  the  remainder  of  the 
Portland  rocks  in  Buckinghamshire. 

BucJcingltarnsJiire. 

There  is  a  singular  uniformity  in  the  deposits,  which  spread  over 
a  considerable  district,  hero,  commencing  on  the  south  at  a  line  from 
Brill  to  Thame,  and  ending  on  the  north  at  a  line  from  Quainton 
to  Stukeley,  beyond  which  no  deposits  of  this  age  have  been  traced. 
I^umerous  sections  in  this  area  are  given  by  Dr.  Pitton.  Mr.  Brodie 
has  given  pert  of  that  at  Brill*;  and  the  snccession  at  Hartwell  is 
figured  hy  Siemannt  with  mnoh  aceuraey.  A  generaUied  acoonnt, 
therefore,  of  the  beds  will  be  of  most  value,  indicating  where  each 
portion  may  best  be  seen  (see  figs.  8,  9,  PI.  Till.). 

In  some  places  the  top  of  the  Portland  rock  is  uncovered  or  is  fol- 
lowed by  ferruginous  sands  of  a  far  subsequent  date ;  but  in  many 
the  succeeding  rocks  are  white  limestones  and  dark  clays  with 
freshwater  f ossila,  nsoallj  refeirsd  to  the  Fnrhedk.  In  these  cases 
thero  is  no  sneh  tmnnltnons  mw  with  large  Portland  hlocks  as 
has  carved  out  the  hc^ows  at  Swindon ;  but  the  beds  follow  in  an 
nndisturbed  manner,  as  they  do  in  the  Isle  of  Portland  and  at  Chicks- 
grove,  or  even  more  so.  In  the  (]uarry  at  Hartwell  there  is  a  great 
erosion  of  the  upper  beds,  and  the  space  is  filled  with  dark  stony 
earth;  but  this  is  in  the  freshwater  strata  onl}-,  and  there  is  no 
stone  ahoTe  to  give  a  posterior  limit  to  the  age  of  the  erosion.  At 
Long  Orendon  siio  is  a  hed  immediately  ahove  the  Portland,  which 
has  at  its  base  great  pieces  of  a  white  calcareous  stone  imhedded  in 
m  greenish  white  day;  but  these  are  not  Portland  stones,  and  there 
is  no  proof  of  erosion.  At  South  Oving,  at  Quainton,  and  at  Brill 
the  succession  is  Ycry  regular,  and  no  indication  to  tlie  contrary  is 
given  in  any  of  Dr.  Fitton's  sections.  We  may  conclude,  therefore, 
that  there  were  never  any  more  Portland  rocks  deposited  in  this 
distiiet  than  those  now  seen^  and  that  tiiey  are  not  merely  dimi- 
nished in  appearance  hy  the  ovedap  of  more  modem  strata* 

No.  1.  The  uppermost  Portland  rocks  in  all  the  quarries  seen  are 
composed  of  compacted  she  11-brash — the  size  and  quality  of  the  par- 
ticles probably  depending  on  the  shells  broken  up,  as  they  vary  very 
much.  The  absence  of  ooHte  in  this  district  is  remarkable  (what 
does  occur  is  in  the  Purbeck  at  Brill),  a  point  in  which  these  beds 

•  In  Wright's  Monograph  of  Brit.  Foes.  Eohin.  Pnl.  Soa  p.  31A» 
t  De  Lonol  and  Pellat,  loc,  cit,  pi.  i  fig.  7,  and  p.  IbU. 
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agree  vith  those  at  ChicksgroTe*.  Thia  upper  Poitlaiid  bed  is 
often  separable  into  two,  the  upper  being  more  broken,  bat  bA^ing 
abundant  Trigonue  at  its  base,  which  in  most  northern  quarri^ 

are  miich  perforated  by  small  Lithodomi.  The  lower  block  make*'  a 
solid  building-stone,  which  is  often  the  objoct  of  the  quarries.  The 
total  thickuoss  of  this  portion  is  pretty  uniform  at  about  4  feet, 
however  much  the  minor  more  consolidated  bands  may  Tary.  In  the 
quarry  at  Bierton,  near  Aylesbury t,  the  eharaoter  seems  different; 
for  the  fossils  are  Mytilus  pallidus  and  some  unrecognizable  bivalves, 
and  the  result  inir  rock  is  much  softer.  This  latter  character,  how- 
ever, is  rej)cated  at  Coney  Hill,  near  Over  Winchenden,  where  is  a 
very  important  section  ;  examined,  however,  in  the  direction  of  the 
dip,  along  the  road  from  Aylesbury  to  Thame,  it  retains  the  cha- 
racter at  ita  escarpment,  but  i:^  dimiuishod  to  3  feet.  The  ordinary 
THg<mia  is  T.  giblxna ;  but  Semann  mentions  T,  ?  PdUiH  as  from  here 
at  Hartwell,  and  Dr.  Eitfcon  mentions  the  only  Belemnite  known 
in  the  Portland  Stone  as  ooming  from  this  at  Quainton. 

No.  2  is  a  more  or  less  creamy  limestone,  but  not  always  retain- 
ing that  character,  and  having  a  very  fossilifcrous  band  at  the  ba^e. 
It  is,  indeed,  divisible  into  three  blocks,  when  the  upper  part  is  the 
most  creamy  and  abounds  in  small  well-preserved  fossils,  especially 
Na/lka  eeret,  the  middle  is  a  harder  block,  and  the  basal  portion  is 
hardened  by  the  great  abundance  of  Trigonim  and  other  shells.  At 
Coney  Hill  this  part,  is  thicker  than  usual,  and  the  three  Uocks  are 
4  feet,  4  feet,  and  1  foot  respectively,  the  tx^p  one  very  rich  in  fossils. 
The  lower  parts  of  this  are  of  considerable  economic  value  in  the 
northern  portion  of  the  area,  where  they  are  the  object  of  the 
quarries  for  building-stone  and  lime ;  and  a  large  part  of  the  village 
of  Whitchurch  has  this  for  its  natural  paving.  Where  the  base  is 
consolidated  by  shells,  the  thickness  is  from  8  to  9  feet  on  the 
whole ;  but  towards  tiie  south  the  lower  part  loses  its  abundant 
shells,  which  become  more  uniformly  distributed,  and  it  becomes  a 
brown  non-croainy  limestone,  called  the  "greys,"  with  an  underlying 
whiter  rock,  making,  with  the  upper  creamy  parts,  a  total  thickness 
of  13  feet.  These  features  are  seen  in  the  quarries  at  Brill  and 
Crendon.  From  Dr.  Fitton's  account  of  a  pit  near  Stukeley,  it  would 
appear,  on  the  other  hand,  to  diminish  towards  the  north.  The 
fauna  of  this  portion  is  extensive. 

Fossils  of  tin  Creamif  Limestones  of  Bi'ckinfihamshire* 


o>  Ammonites  boloniensiA  {J)e  Lor.). 

0.  triplex  {Sow.). 

 pseudogigas  (BUM), 

TJfleniuitcs,  sp.  \ 

Alaxia  iieaugrandi  (De  Lor.). 


Natica  elegans  {Sim.). 

C.  oer«'«  {De  Lor.). 

 incisa  (Blake), 

(          ^^;l^^•■>ll^^ann  §). 

(          iloberluua  %). 


*  The  Purbeck  beds  here  also  at;ri'o  in  having  flinty  masRes  in  them, 
t  The  8pot  is  marked  by  a  fault  on  tlip  Surver  Map,  and  Q^ault  and  Qfeea- 
•and  introduced,  of  which  there  \&  uo  sign  in  ihe  quarr}'. 
\  Fide  Dr.  Pitton. 

§  Fi<le  M.  Siemann.   I  hsTe  seen  none  like  them,  though  looking  partieularly 

for  thtjiu. 


Digitized  by  Google 


VOBXLAHB  Boon  OV  IVeLiBD. 


217 


Cerithium  portlandicum  (Sow.). 

 Hudlestoni  (Blair). 

Orthostoma  acatiearina  {Blake). 
Pieurotomaria  rugata  {Ben,), 
Flearomvft  tdliiia  {Ag.). 

 Voftzii  {Ag.). 

portUndica  iCott.). 
CarboU  dunmarifloAs  (Buv.). 
lilliodomufl,  sp. 
Astarte  nigosa  {Sow.). 
Cypriua  iiuplicata  (De  Lor.), 

elon^ta  (Bla/ce). 
Pypricardja  ocwtifera  (Blalce). 
Luoina  portlandica  {Saw.). 

 nunasoula?  (Blaie). 

Anisoeardia  puloliella  ?  {De  Xfif*). 
Cardium  diasiiuiie  (iSoto.). 
 adeaream  (Bwke), 


c  Trigonia  gibbosa  (Sow,). 

•  —    incurra  {Beti. ). 

 Pellati  {Be  Lor.). 

 tenuitexta  {Lgc.)?. 

Ansa  Beniigrandi  {De  Lor.). 

Nucula  depressa  {J'lulr). 

Hjtiliu  autiasiodorensia  {Cott.), 
«.  UttBa  Bouflhardi  ( C^. ). 
a  Peoton  lamellwus  {Sow.  . 

 snprnjiironsis  {UOHf.)» 

Liuia  ruBtica  {Sow.). 
e.  Oitna  eiq[ian8a  {Sow.), 
c.  bononia;  {De  Jxtr.). 

Exogyra  bruntrutana  {Thurm.), 

Flioatula  cehtnoides  {Blake). 

Sorpula  quinquangularis  ( Gold/.). 

JBkdunobnMus  Brodiei*,  {Wr.). 


The  most  characteristic  of  these  is  the  little  jS'atica  C£re.^,  which 
marks  an  horizon  in  the  true  Portlandian  of  lionlogne.  The  other 
JSatim  mentioned  by  De  Loriol  as  fonnd  here  by  M.  S(emann  come 
from  the  Bonlognian  grite ;  I  haTO  not  been  able  to  see  any  thing 
like  them  iu  liuckliighamshire.  Of  the  fossils  nanally  oecmring  in 
Jiigher  beds  Cerithium  portlamlicum  is  only  common  in  one  place. 
Xmeina  portlandica  and  Astarte  rui/osn  are  rare.  The  first  of  these 
three  scemH  always  to  be  commonest  in  the  np])crmo.st  beds  of  a  loca- 
lity, whatovcr  their  ago  ;  perhaps  its  presence  is  a  sign  of  approaching 
freshwater  conditions.  The  Cardium  ia  the  true  dissimUej  and  not 
Pdiati,  which  cocnra  abundantly  below.  The  laiger  oysters  aie 
abundant ;  and  the  Hkaiida  is  not  rare.  Do  Loriol  mentions  Serpula 
coaeervaia  as  common  on  the  shells  from  this  district;  but  the 
common  Serpvln  is  not  that  species,  which  I  have  seen  nowhere  from 
Portland  rockH  ;  it  is  not  even  IS,  gordicUis,  but  a  carinated  species, 
which  becomes  abundant  below. 

No.  '3.  Throughout  the  whole  district  there  is,  underlying  these 
limestones,  a  bed  of  yeUowish  brown  sand,  which  is  blue  when  flrat 
eortracted.  It  is  not  at  all  g^uoonitic,  and  contains  but  few  fossils. 
Towards  the  north,  at  Quainton^  there  is  at  tiie  base  a  Ser])ulito,  the 
species  being  S>.  f/i(inrjuanf/tdar{s  ;  it  does  not  form  a  hard  rook,  and 
reaches  a  thickness  of  2  feet.  The  nearest  spot  to  this  at  which 
this  portion  of  the  series  is  seen  again,  viz.  Coney  Hill,  shows  this 
to  be  veiy  local,  as  it  has  diminished  to  G  inches,  and  is  not  solely 
oompoaed  of  SerpuUg.  The  whole  thickness,  however,  a  little  under 

5  fyitf  remains  the  same ;  and  I  have  nowhere  seen  more  than 

6  feet.  The  only  interest  attaching  to  this  ])ed  is  its  constancy, 
and  the  fact  that  it  occurs  within  the  limits  which  we  must  assign 
to  the  Portland  Stone  ad  distinguished  from  the  Portland  Sand. 

No.  4.  This  is  a  mass  of  rubbly  limestone  of  xory  peculiar  cha- 
racter, seen  admirably  in  the  quarries  towards  the  north.  Dr. 
Fitton  mentions  it  in  his  section  at  Quainton  as  the  "  middle  rock 
and  rubble,  abounding  in  fossils.**  It  may  still  be  seen  there;  but 
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ite  cbaiaoter  is  bati  e1»ervad  at  Coney  WSL  Hm  aboid/  8  feei  an 
MEpoaed,  ibowiiigaemal  layers  of  alternately  Uoge  and  small  robUe, 
the  laige  being  composed  of  the  internal  casts  of  shells,  which  in  some 
cases  retain  fragniicnts  of  the  shell  attachwl ;  and  yet,  when  they 
arc  extracted  immediately  from  the  rock,  there  is  no  8i<?u  of  the  rest 
of  the  shell  in  the  matrix.  \ye  are  tlicrefore  forced  to  the  conclu- 
siun  that  the  deposit  is  a  redistributed  one,  the  shells  having  become 
f oantuEed  in  an  eailier  matrix,  from  which  they  have  be«i  tolled 
out  The  peooliaf  oharaoter  of  the  foaaUa,  as  will  be  ieen,  points 
to  the  name  condnsioii.  At  an  admirable  section  at  Lodge  Hill, 
made  for  drawing  np  stone  for  the  building  of  a  mansion  at  the 
summit,  12  feet  of  these  rubbly  hods  appear,  the  base  beiiifj  im- 
bedded irregularly  in  the  underlying  sand.  They  may  also  be  re- 
cognized by  their  fossils,  occupying  the  Great  Western  railway- 
euttingeast  of  Aylesbniy.  At  ^ill,  this  part  of  the  series  can  only 
be  traced  in  a  rough  eliff-ftoe  over  the  bricksraids;  bntsome  mbbly 
beds  of  the  same  <  haracter  have  a  thickness  at  one  plaoe  of  6  feet 
6  inohes.  The  following  is  the  fauna  observed : — 

Foasih  of  the  Ruhhlj  Bt  ch  of  Buclintjhamshire. 


C.  Tngunia  i'eUati  {De  Lor.), 

 incurva  (Ben.). 

 VolLzii  {Aa.y 

 muricata  iGoldf.}. 

— —  gibboaa  (Aw.). 

— —  Manseli  {Lijc). 

■    '    Micheloti  (Dc  Lor.). 

Pema  Bouchardi  (0pp.). 

lima  rustics  {fiiw.). 

'    •    ornata  {liic-,). 

— —  bilurcjitu  {^Blake). 

Paetan  lamelloeus  {Sow.). 

Ostrca  solitapia  (iSr/w  ). 

Plioat»ila  Boisdini  IDe  Lor.), 

 wliinaidet(££ulil. 

Serpok  qtunqoaagiilatu  (Mff.). 
Qlypbea,  sp. 


AJumuuiU-s  bolonienaia  {Ih  Lor.). 

— —  pseudogigas  {Blak$), 

 triplex  (Sow). 

 biplex  {ISow,). 

 peednsfeus  (Pk.), 

Pleurotomaria  rugata  (Ben.). 

l^atica  turbiuiformis  (liom.). 

Thrada  teoera  (Ag.). 
e.  Pleuromya  iellina  (jig.). 

Sowerbva  longior  (Iltake). 
c.  Mjoconcbu  purtlaiidicu  (Blake). 

Pjrprina  implicatji  (Dc  Lor.). 

 Brongiiiarti  ?  (Vicf.  rf  7?  ) 

Unioardium  ciroulare  (I/Orb.). 
«.  Ourdium  Palhti  {Ik  lor.), 
r.   disfiiuiile  (Sow.). 

My  talus  jurauais  IJiom.). 

 botoDieain  \lh  Lor,). 

In  this  fauna  the  scarcity  of  Gasteropods  u  at  onoe  noticed ;  this 
may  bo  acoonnted  for  by  their  baring  been  destroyed  in  the  break- 
ing up  of  the  old  bods.   Tho  Ammonites  pLrtin(i(its  is  an  important 

introduction  for  the  purpose  of  correlation.  Its  presence  and  the 
change  of  the  common  Cardium  and  Trigonta  into  otiier  species, 
mark  an  earlier  date  :  and  several  fossils  which  are  new  or  peculiar 
have  tho  same  tendency. 

No.  5.  The  section  at  Lodge  Hill«  before  mentioned,  shows  a  suc- 
cession of  sand  and  aheU-beds,  doubtless  of  the  same  character  as 
No.  4,  and  of  very  little  consequence,  though  here  reaching  12  £eet 
6  inches.  They  are  separaf  ed,  ])crau8e,  on  tibe  one  hand,  they  are  not 
glauconitic,  and,  on  the  otlier,  they  are  less  constant  than  the  over- 
lying rubble  beds.  They  are  seen  also  in  the  cutting  near  Aylesburv, 
but  towards  the  south  they  appear  to  die  out,  thus  being  comple- 
mentary to  tho  sand  below. 
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.  Ko.  6L  Bie  glaucouitic  beds.  These  appear  to  have  been  seen  in 
Kinaljlltiomhy  J)T»WiUiamwb^  At 
the  Lodge-Hill  outlug  soeh  stone  u  jmi  ^inUe,  l>at  thece  u  nofc 

more  than  IG  foot  between  the  top  and  the  Eimmeridge  Clay.  In 
the  brickyard  at  Hartwell,  aboat  6  feet  of  verj'  glauoonitic  material 
almost  immediately  overlies  the  Kimmeridge  Clay.  Similar  rock  is 
continued  northwards  to  the  Warren,  Stukeley  :  and  to  the  south  of 
the  area  in  the  section  at  Jirill,  o  feet  of  glauconitic  matter  is  found 
beneath  the  rabble  bed  No.  4.  These  oontain  hardened  maaaes  of 
stone  foil  of  broken  foeeib,  and  at  the  base  a  pebble-bed  fbll  of 
Lydian  stones.  I  have  recorded  only  yimmonitet  hohniemii.  A, 
j>seudofp)/as,  and  A.  biplw  from  these  bede;  but  they  have  not  been 
properly  searched. 

No.  7.  ITic  la^st  of  this  series  arc  argillaceous  sands  which  lead 
down  into  the  Kiumieridgo  Clay,  but  are  not  distinctly  glauconitic. 
like  the  lowest  bed  at  Swindon,  they  chiedy  differ  from  the  true 
Kmuneridge  Clay  in  being  barren  of  foMUs ;  and  the  two  eanaearoely 
be  separated  at  Hartwcll,  while  at  Brill  only  6  feet  are  seen.  On 
the  other  hand,  Dr.  Fitton  has  recorded  a  thickness  of  80  feet  of 
sands  near  Thame,  and  stated  them  to  contain  huge  calcareous  doggers 
like  those  met  with  at  Shotover.  1  have  not  been  able  to  confirm 
this ;  but  I  think  they  must  be  a  development  of  this  part  of  the 
series. 

The  whole  thidmeiB  of  the  Portland  rooki  in  this  distElel  Qtti  thiw 
be  estimated  on  the  average  to  be  no  more  than  00  or  70  feet^ 

including  the  sands  at  the  S  J!,  oomer.   Thne  a  great  reduction  has 

taken  place  from  Oxfordshire,  and  still  more  from  Wiltehire.  A 
similar  reduction  is  seen  in  the  underlying  Kimmeridge  Clay,  as 
E.ro(/i/r(i  virifnla  is  reported  a  short  distance  below  the  pits  at  Hart- 
wcIL  This  reduction,  however,  is  mainly  due  to  the  thiunes^  of  the 
Portland  Sands,  while  the  expansion  or  oontraotion  of  the  Stone  de- 
pends npon  how  it  is  related  to  the  more  sonthem  depoaitBy  which 
we  must  now  proceed  to  discuss. 

In  the  first  place  it  is  obnous  that  wo  can  trace  the  same  sequence 
in  Oxfordshire  as  has  l)ccn  described  in  Jiucks.  The  brashy  beds 
above,  the  more  consolidated  beds  below,  with  their  base  full  of 
TrigonicB^  with  Ontmi  exj)au9a  and  Pleuromya  telliim^  underlain  by 
non-glauoonitic  sand,  are  all  repeated ;  and  in  the  space  below  are 
glaaoonitiobedsandnon-glaueonitio  coneretionaiy  sands.  While,  then, 
the  tendency  in  the  two  counties  is  obviously  for  Uiesands  to  somewhat 
ohange  their  character  by  the  dying-out  of  the  oonoretionary  beds  as 
we  pass  to  the  north,  the  upper  part  remains  sufficiently  constant  to 
j.ustify  us  in  seeking  still  further  relations  with  the  beds  in  Wiltshire, 
£ourton  being  no  further  removed  from  Great  Hazeiey  than  the  latter 
is  from  iStukeley. 

There  aio  but  two  interpretations  of  the  Buckinghamshire  and 
Oxfordshire  beds  which  can  be  advanced  with  any  &om  of  rsason. 
The  first  and  perhaps  most  natoral  assumption  without  particular 
study  is,  that  we  have  here  thin  representatives  of  all  the  Portland 
deposits  elsewhere  j eaohiog  a  liar  greater  thickness.   The  other  iS| 
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that  we  may  match  these  beds  with  some  part  of  those  at  Swindon, 
aud  that  we  have  in  them  only  a  portion  of  the  series  elsewhere  found. 

We  have  seen,  indeed,  that  the  Swindon  roob  axe  pait^  only  of 
thoee  at  Tishnry ;  bnt  then  the  fbnner  are  exceptional  in  other 
respects,  and  higher  rocks  may  have  been  denuded  there,  which 
should  be  found  again  further  north.  There  is  therefore  no  par- 
ticular presumption  in  favour  of  the  latter  interpretation,  nor  is  there 
any  aj^ainst  it :  for  though  the  Portland  Sands  below  are  seen  to  thin 
out,  if  we  compare  Portland,  8wiudou,  IShotover,  and  Brill,  the 
thinness  of  them  at  Tisbury,  and  perhaps  also  at  BoiLrton,  shows  that 
this  is  not  a  general  phenomenon.  The  point  most  theiefore  he  de- 
cided by  ohsOTvation  of  detaiL 

If  now  we  compare  the  northern  secttcms  with  that  at  Swindon, 
and  especially  that  part  which  ia  seen  on  the  road  to  Coate,  as  de- 
tailed on  p.  i^(>9,  there  is  a  certain  amount  of  a^^rcement — more  than 
can  be  found  by  a  comparison  with  any  other  part  of  the  series.  To- 
wards the  lower  part  the  basal  sands  ofton  consist  of  a  kind  of 
shelly  brash,  which  will  bompare  with  No.  1.  The  two  Trigoma- 
beds  with  the  white  chalky  rock  with  Oardia  recall  well  tiie  three 
parts  of  Xo.  2,  especially  the  7Vu/onu»- bed  at  the  base,  which  is  seen 
both  in  Oxfordshire  and,  in  a  slightly  different  form,  at  Bourton. 
The  glauconitic  limestones  below  these,  which  are  really  much  more 
sandy  than  those  above,  may  well  represent,  in  a  changed  aspect, 
the  underlying  sands,  with  their  preceding  rubble  beds  ;  or  it  may 
he  that  the  day  of  Swindon  representa  iheae.  If  we  take  this  cor* 
relation  and  test  it  by  tiiefossUs,  we  shall  find  so  remarkable  a  con- 
firmation that  no  doubt  is  left  in  my  mind  as  to  its  OoneetnesflL 
The  following  are  found  in  both  sets  of  deposits 

Jihftsih  ro7ninon  to  the  Limestones  of  Bvcl  i nifhrnuhire nnd  the  Trigonia- 
heds  of  Hivindoii  and  Bourton,  muLj)tCiduir  to  tluse  or  most  common 
in  them. 


AromoniteB  pectuiatus  (i^^.)* 
*Natiea  elef^s  {Sim.). 

Trig<.iiia  ^ Dhzii  iyif^.). 
*Cyprina  eloogata  {lilalr). 
*Qyprioardia  ooitifera  {Llakt). 
*AidiOcsrdia  paleheUa  {De  jJor,), 


"Pleurotuya  U-lhna  {Ag^ 

Thnida  tenera  {Ag.). 

Mytilus  unguiculatus  {Ph.). 

 bolonien«>i§  {De  IxtrX. 

*£ohinobriMU8  Brodiei  {Wr.). 


Of  these  such  as  are  marked  with  an  astwisk  occur  in  the  creamy 
limestones,  which  are  thus  not  to  be  separated  as  a  higher  port  than 
that  at  Swindon.  Other  fossils  have  the  same  tendency.  Thna,  the 
Ammonites  are  those  of  low  horizons,  as  are  Trigonia  Pettali^ 
Lima  rmtiai^  Ecoffifrn  hnintrntana,  and  an  abundance  of  OtirM  e»» 
j^ansa,  and  Fh  urami/d  ft  f linn. 

T  rei^ard,  therefore,  the  whole  of  the  limestones  of  Uuckinghara- 
shire  us  an  expansion  ot  the  Trif/onia-hvds  of  »5windou,  except  that 
the  brashy  beds  at  the  top  correspond  to  part  of  the  basal  sands  ' 
of  the  latter  place,  but  not  to  the  whole. 

If  this  1>e  the  true  corn  lation  of  the  Portland  limostoneB,  it  foUowa 
thati  as  the  freshwater  Purbecks  succeed  them  without  inteirnptioDt 
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they  must  have  been  deposited  during  the  period  m  "which,  at  Tis- 
bury  and  Portland,  the  remainder  of  the  flinty  series,  the  "Whit-bed 
and  the  Boach  were  being  formed,  and  they  are  thus  older  than  some 
portions  of  tlie  Porfland  locikB. 

Summary. 

The  facts  arrived  at  by  this  inveBtigation  may  be  briefly  lecapitn- 

lated  as  follows : — 

In  all  the  sections  near  the  coaBt,  the  Purbeck  is  separated  from 
the  Portland  by  a  line  of  clay ;  but  the  uppermost  bed  of  the  former 
is  nofc  always  liie  same,  and  the  line  of  junction,  though  nofc  eroded, 
is  irregular.  The  Porfland  series  shows  Hat  the  Whit-bed  and 
Boach  characterized  by  particular  fossils,  and  especially  hjAmmmiites 
gifjantev.",  and  lying  "with  local  unconformity  on  the  next  beds. 
The  characters  of  this  part  differ  in  the  various  localities :  and  it 
almost  thins  out  at  Upway.  It  may  be  known  ixs  the  Building-stone 
Beries.  Below  is  the  Plinty  series,  divisible  into  several  parts,  highly 
foMififeioiis  at  the  base,  and  obaraoterized  by  Jmmomtet  hohtMims 
Thh  istiiiekesfc  at  St.  Alban's,  and  beoomes  yeiy  ohalky  at  Upway. 
The  Portland  Sands  contain  a  Tariff  of  beds  (clays,  cement-stones, 
and  oyster-beds),  and  have  a  peculiar  &mia  distinct  from  the  lime- 
stones above  ;  but  these  characters  are  not  constant.  The  thickness 
must  be  assumed  much  greater  than  has  nsually  been  done,  unless 
the  limit  of  the  Kimmeridge  Clay  is  unduly  raised,  and  it  is  esti- 
mated at  277  feet.  The  Boulogniau  episode  to  whidi,  unjustifiably, 
tiie  naae  of  Lower  Portland  has  been  given,  is  represented  by  normal 
shales  and  cement-stones  on  ^Kimmeridge  coast,  all  the  bedi 
being  here  much  expanded,  but  recognizable  by  their  general  sue- 
eession  and  the  introduction  at  definite  horiscos  of  the  character- 
istic invariant  fossils. 

In  the  Yale  of  Wardour  the  Purbeck  is  also  marked  off  from  the 
Portland  by  a  band  of  clay,  the  succession  is  very  similar,  and  beds 
eorrcsponding  to  the  Whit>bed  and  Boaeh  may  be  recognized.  The 
flinty  series  is  fiur  less  flinty  and  more  chal^,  and  it  has  at  its  base 
a  wdkmarked  zone  of  fossils.  A  development  of  it  downwards 
takes  place  here  in  the  shape  of  some  sandy  freestones  largely 
■worked,  containing  several  layers  of  Tvufonkp,  especially  one  at  ite 
base.  Below  the  limestones,  the  tnie  Portlaiid  Sand  is  very  thin 
and  brown,  and  is  underlain  by  a  curious  rubbly  kind  of  stone  ap- 
pearing to  belong,  by  its  CossOsy  to  an  earlier  date. 

At  Swindon  die  relations  of  tiie  Pmrbeok  to  the  Portland  are 
most  remarkable,  the  latter  being  carved  out  in  hollows  which  contain 
rolled  blocks  of  it,  evidencing  a  land  surface  and  rapid  changes ;  but 
as  the  uppermost  part  of  the  Portland  hero  corresponds  only  to  the 
top  of  the  freestones  of  Tisbnrj',  and  the  lii^hcr  parts  are  wanting, 
this  erosion  may  have  taken  place  in  Portland  times.  The  main  mass 
of  the  quarried  stone  is  of  the  same  ago  as  that  at  Tisbury ;  and  at 
the  base  wo  And  some  foesilifbroos  beds  in  rarions  well-marked  blocks, 
and  containing  a  peeaUar&ana;  these  2V^0ronMkbedsliaTe  a  oon^ 
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meratic  base,  and  are  underlain  by  a  local  bod  of  clay,  more  allied  to 
the  bods  below.  The  Portland  Sands  are  found  below  this  in  the 
form  of  extremely  fossiliferoiis  eandstonos  or  shell  masses,  which  are 
glauconitic.  They  contain  a  well-marked  fauna  almost  restricted  to 
them.  Tile  base  of  the  seriei  is  a  thick  mass  of  sands  with  huge  con- 
eretionaiy  masBee  in  the  lower  part. 

The  diitricts  of  Oxfordshire  and  Buckinghamshire  are  made  on 
13ie  same  model.  The  **  Purbeck "  beds  of  the  latter  coonty  lie 
uniformly  on  the  Portlands  as  in  the  south  ;  but  the  underlyinpr  lime- 
stone corresponds  to  the  Tri/jonia-hQd  of  Swindon.  Hence  the  tornier 
are  of  earlier  date  than  the  Purbecks  of  the  latter  place,  and  still 
earlier  than  those  of  the  Isle  of  Purbeck,  and  were  formed  in  Port- 
laadiaa  timea.  There  aie  here  atiU  older  depoaita  than  at  Swindon, 
which  may  yet  be  reokoned  as  belonging  to  the  Porthmd  Stone, 
consistinf)^  of  redeposited  beds  with  strange  fossils.  The  foesiliferona 
Portland  Sand  is  much  diminished  in  importance,  but  continues  its 
glauconitic  character  to  the  extreme  north  ;  while  the  lowest  sands 
with  their  rounded  masses  are  continued  to  Shotover  and  Thame, 
and  there  almost  disappear. 

Thm  the  Portland  Sand  had  two  maaima,  one  to  the  north  of 
Tiabuy  and  one  to  the  aoath;  but  with  regard  to  the  Portland 
Stone,  the  oldest  beds  are  found  in  the  north,  and  as  we  go  south 
later  and  later  deposits  are  successively  introduced  before  the  traces 
of  freshwater  conditions  appear.  These  were  the  final  ref^nlf  of  the 
gradual  elevation  in  all  cases,  and  were  not  of  the  same  ajje  through- 
out, but  followed  immediately  on  the  period  of  the  beds  below. 

It  may  be  of  interest  to  indicate  the  exact  age  of  the  different 
bade  of  the  Portland  series  which  are  used  for  building-stones.  In 
eaeh  case  they  owe  their  qualities  to  local  conditions,  and  are  not  of 
necessity  of  any  Talne  because  they  ean  be  geologically  called  Port- 
land Stone." 


Builditu/stones  of  the  ForUand  Series. 


Ijocalitj. 


Part  of  the  series. 


Isle  of  Portland 
Isleof  Purbeck.. 


(7) 


ObserTations. 


Valo  of  Wardour 


1 


(^) 


Swindon. 


QxfortUhiro   

Buckinghamshire 


1^(6) 

(2) 

(3) 

(3) 
C2) 


R  i.iHi.  Shelly 

W  liii-bed.  iThe  celebrated  stone. 

Top  of  thePUntyMHciei.|Oood  atone. 
Middle  of  the  Flinty .Suboolitic  freestooe. 

A  betl  corresponding  to  A  beautiful    white  stone, 
the  Whit<bed.  \    ringing  under  the  hammer 


the 


A  soft  f reeftone,  very  sandy. 


Lowest    part  of 

Flinty  series. 
Same  part  of  Flinty  Very  irregolar  hard  stone. 

perios  ns  the  I 
Trigonw-hfuiA  below  thoiPoor. 

last.  I 
Same  age  as  tho  last.     A  fair  itolie. 
Same  age  aa  Uie  last.  Ditto. 
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Accepting  the  above  results  we  can  now  pijivc  some  account  of  the 
Portlandian  cpisndo  in  Enghmd.  Kcniembering  that  little  trace  of 
any  such  episode  can  bo  detected  either  at  Speeton  nr  beneath  Sussex, 
we  leaxu  that  the  elevation  which  introduced  the  circumstances 
eapoUe  ofjieldiiig  landy  and  cakanoiui  depoaita  took  place  spozi^ 
dically.  we  also  know  m>m  the  bonnga  in  London  and  at  Waie 
Hiat  SO  miles  from  their  most  easterly  outcn^  the  Portland  rocks 
are  not  to  be  traced ;  but  on  this  much  reliance  cannot  be  placed, 
for  they  may  have  been  removed  by  j)rccretacct»us  denudation.  So 
far  as  our  knowledge  at  present  extends,  the  earliest  rise  took  place 
along  the  main  axis  between  Boulogne  and  the  Mendips,  and  gave 
the  peouUar  <diaraeter  to  tbo  lower  part  of  the  beds  west  of  Tisbury, 
wliiiie  the  Portland  area  was  scaioaly  affected  by  it,  and  the  clay  to 
the  north  was  rendered  more  eandy.  Further  physical  changes  of 
a  nature  nnknown  to  ns  brought  about  the  denudation  of  some 
sandy  rocks  and  developed  the  great  sandbacks,  which  pass  from 
Swindon  to  Shotover  and  die  away  to  the  north-east,  and  which 
diminish  from  St.  Albau's  Head  towards  Portland  and  Upway  and 
are  not  to  bo  recognized  in  the  Boulogne  area.  On  the  north  side 
of  the  elevation  tibese  sands  are  partly  glaaoonitic,  the  amount  of 
green  matter  becoming  greatest  as  they  thin  away  to  the  north ; 
while  on  the  south  side  I  have  failed  to  find  any  glauconite,  and  on 
the  line  itself  at  Tisbury  the  slight  thickness  of  sand  exposed  is 
brown  as  from  the  presence  of  a  peroxide  of  iron.  These  peculiarities 
point  to  a  different  histor}'  of  the  deposits.  The  dark  glauconitic 
(?  all)  grains  are  certainly  not  due  to  Foraminifcra  directly,  calca- 
reous specimens  unfilled  witii  dark  matrix  being  present  with  them, 
and  they  having  no  shape  derivable  from  soeh  a  souroe.  Many  of 
the  dark-coloured  stones  are  not  glauconitic  but  Lydian  stones. 

Slif;ht  succeeding  oscillations  introduced  the  clay  of  Swindon  and 
Portland  and  the  upj)er  bed  of  sand  in  Oxon  and  Bucks ;  but  the 
seas  were  henceforth  clear  of  these,  and  Mollusca  flourished  in  one 
place  to  have  their  broken  remains  deposited  in  another,  either  of 
reoogniiable  size  or  ground  to  the  finest  powder  to  form  tiie  chalky 
rocks.  In  one  of  these  oscillations  in  the  northern  district  a  colony 
of  IfoUuflca  which  had  flourished  and  died  and  had  their  remains 
compacted  to  a  rock,  was  broken  up  and  the  d^ris  deposited  again 
as  the  nibbly  rock  of  Buckinghamshire. 

The  shallower  sea  to  tbe  north  was  soon  nearly  filkd,  wliile  tho 
axis  of  elevation  travelled  northwards,  so  that  the  former  became 
an  inland  lake,  and  the  accumulations  at  Swindon  brought  tbo  sea- 
bottom  so  near  the  margin  of  the  land  that  irregular  deposits  took 
place  in  it,  though  still  marine  ones.  Shortly,  however,  this  spot 
became  dry  land,  suffering  minor  oscillations,  marked  by  the  erosion 
of  bed  after  bed,  the  accumulation  of  nnsorted  debris,  and  the 
deposition  of  freshwater  Uracstoncs.  Meanwhile  tho  sea  to  the  south 
Wfis  still  open,  chalky  and  flinty  masses  of  considerable  thickness 
continued  U>  bo  formed,  varied  at  last  by  rougher  dej^wsits  formed  in 
more  troubled  water,  till  finally  the  last  of  the  marine  animab 
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was  killed  off,  and  a  wide  area  became  exposed  to  the  atmosphere. 
The  freshwater  conditions  of  the  rocks  of  the  Isle  of  Purbeck  in- 
trodttoed  a  new  era,  which  it  is  not  my  object  to  diBCUSs. 

With  this  history  of  the  £onnataon  of  the  Portland  rocks  tiie 
earlier  local  elcTataions  affiNting  eoDntries  to  the  aonth  of  England 
have  nothiug  in  common.  They  were  not  even  the  prelude  to  the 
changes  above  recorded  ;  for  afler  the  Boiilognian  episode  had  begun 
and  ended,  tlie  soa-bottom  once  more  assumed  its  former  position, 
and  fresLi  depo&ils  of  clay  (wbicLi  had  never  ceased  to  fall  ou  tbe 
British  azea)  commenced  again,  and  only  gradnaUy  through  the 
Portland  Sands  gave  place  to  calcareous  rodcs.  We  may  therefore 
rightly  ohject  to  the  use  of  the  term  Portlandian  for  riMka  which 
neitber  in  organic  contents  nor  in  physical  history  have  any  thing 
to  connect  tbem.  and  restrict  tbe  name  to  tbose  which  have  formed 
the  subject  of  the  present  description.  We  are  even  led  to  ask 
wliat  amount  of  justilication  there  is  for  tbe  title  Portland  Sands 
as  applied  to  the  lower  beds.  If  the  choice  lay  between  including 
these  in  the  Kimmeridge  Clay  and  induding  some  more  of  the 
clay  beds  below  them  in  the  Portland  series,  I  should  unhesita- 
tingly take  the  first  alterxiatiTe ;  for  while  the  true  Eimmeridge 
Clay  has  very  little  in  common  with  the  I'oi-tlaiid  Stone,  it  has 
much  with  the  Portland  Sand,  and  the  latter  has  as  mucli  with 
it  as  it  has  with  tbe  Poi-tland  Stone.  Moreover,  in  dividing  the 
Portland  Sand  from  the  Kimmeridge  Clay  we  have  to  diuw  a 
somewhat  arbitrar}'  line ;  but  the  line  above  is  generally  a  well- 
marked  one.  It  is  these  facts  which  have  led  tiie  French  geologists 
to  include  with  the  Portland  Sand  the  upper  part  of  the  Xim- 
meridj^e  Clay  in  one  group,  called  by  them  tbe  '^Middle  Port- 
landian." Yet,  if  there  were  no  more  to  be  said  than  this,  the 
logical  result  would  be  tbe  abolition  of  the  Portland  Sands.  AVe 
have  seen,  however,  that  it  is  a  variable  mass  developing  local 
features  and  expanding  and  contracting  in  thidcness,  thua  acting 
after  the  manner  of  an  episodal  formation  and  not  like  the  normid 
Kimmeridge  Clay.  We  have  seen,  too,  that  at  certain  spots  a  well- 
marked  special  fauna  may  be  found  in  it.  These  features  indicate 
that  at  the  period  of  its  deposition  in  any  locality  (a  period  which 
may  have  varied  in  (ib^^nhifv  time  from  s|K)t  to  spot)  the  tnmquillitv 
of  the  ivimiueridge  sea- bottom  had  been  disturbed,  and'tbose  changes 
commenced  whidi  finally  closed  the  Oolitic  period  in  this  country. 
To  the  final  deposits  due  to  these  changes  we  give  the  name  of 
Portland  Stone  \  and  hence  to  the  results  of  their  precursors,  and  to 
these  alone,  can  we  rightly  give  the  name  of  Portland  Sand. 
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Smiichii,  JJ  Orb  
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 LhplicatUfl,  iSuw  
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Soworbya  loiigior.  B'akr  

Myocoiiclia  portlandica,  Blake 

 Sfemanui,  JJollf.  

C^fpric•]tlia  coetifem,  iA'aXY-  ... 
Anuocardia  pulchella,  De  Lor. 
laoOAldia  autissiodorensiBy  Cott, 

ijtarte  rugonu.  Sow.   

 Ssmanni,  De  Lor.   

 polymorplia,  Tow/  

 supracoraUiua,  7/ Ori.  ... 
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■  Bvandoiicnsig,  BUike   

iroplicftta,  De  Lor  
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— —  Jirongniarti,  rUt,  et  R  

Unioardium  ciroulare,  If  Orb.  . 
Oorbicella  portlniidica,  Damon  . 

 Moni-aii.i,  Bni'  

LueiiiJk  pui't  himliiM,  ISow  

piebeia.   

 ira«,'(       !>■  Lor  

 iiiiiiuisculu,  Blake  J 

Outlitim  dti»iniil6i,  Sow. 

  IVllati.  Dr  Lor  

■  yciilcarcuui,  BUikv . 

 Morinicinn,  J>e  L</r. 

Trigonia  gibbowi,      '.  . 

-  .  .  U'luiitt       Ljic '{  . 

Maii>fii.  /-//'•  

 incurra,  Bautt  .... 

 mdiat.!, /)V ..... 

 Pelluti,  Be  Lor  

 Voltzii.  Ag  — 

—  iiuii-icata,  (U'J(tf. .... 

 variegula,  CnUiur  . 
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— —  unguit'ulatu^,  J'/i. 

 autiwiodon  ii-i-,  Co<^. 
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 longH  vu!?,  t '(//*/'.  

PiniuisiiprajiirenBu,  J/Orb. 

PenUk^mvliloidos"   
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 ?Ba3rani,  DeLor  

Aviciila  octavia,  1/Or/j  
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 solitaria,  Sow  
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IfotM  and  JkicnptUms  of  ForUand  FomU, 

PrciTODirs  PAOODA,  spec.  nov.    Pi.  X.  fig.  10. 

A  small  species  characterized  by  the  very  peculiar  arrangement  of 
the  teeth  on  the  vomerine  bone,  which,  is  the  only  part  preserved. 
The  general  sliape  of  thk  is  long  and  nanow.  It  is  bounded  hy  a 
series  of  olose-eet  oval  teeth  on  each  side,  with  tiieir  long  axes 
poioting  inwaida  and  backwards.  The  central  line  is  occupied  by 
six  large  transversely  oblong  teeth,  which  are  so  far  separated  as  to 
allow  between  each  pair  two  obliquely  subtriaiigiilar  teeth  of  inter- 
mediate size,  having  their  axes  |>ointiug  inwards  and  backwards. 
All  these  teeth  are  quite  smooth. 

In  the  Plinty  series  at  Upway ;  found  lij  J.  Badoook,  Jnn.,  during 
the  Tisit  of  the  Geologists'  Assodataon. 

AiuoiriTBS  eioAfiixus,  Soweiby. 

Portland  Ammonites  are  commonly  quoted  under  ibis  title ;  but 
De  Loriol  lias  pointed  out  that  Sowcrbys  description  and  figure  do 
not  apply  to  the  si)ccimen.s  so  named,  which  have  more  than  twice 
as  many  exterior  as  interior  ri])s,  while  in  Sowerliy's  species  the  ribs 
only  occasionally  bifurcate.  »Such  occur  only  in  the  building-stones 
of  Portland ;  and  I  have  aooordingly  used  De  iKnioFs  name  A,  hoh^ 
mtmu  for  the  otiiers. 

AiocoiriTEs  rsEUDOoioAB,  spec.  nov. 

I  confer  this  name  on  certain  sjieciraens  which  have  on  the  inner 
half  of  the  whorl  large  knobby  ribs  which  bi-  and  trifurcate.  It  has 
the  whorl  as  much  intlated  as  in  A.  [fi<jas\  but  the  ribs  are  more 
numerous  than  the  knobs  in  the  latter  species  and  are  more  truly 
ribs. 

Ammonites  triplicatuh,  Sowerby.    PI.  X.  iig.  7. 

The  figure  given  by  Sowerby  is  of  a  very  small  specimen,  in  which 
the  characters  are  not  w(  ll  seen.  There  is,  however,  a  species  in 
the  Flint v  series  to  which  tliis  name  has  become  attached,  but  which 
has  never  been  properly  figured,  and  it  is  therefore  given  in  PI.  X. 
fig.  7.  It  is  nearly  allied  to  A,  heeior,  WOth, ;  but  the  ribs  pretty 
legnlarly  divide  into  three,  and  not  more,  at  the  larger  diameter, 
tboogh  tiie  smaller  ribs  are  at  first  fonr  times  as  many  as  the  large 
ones. 

AsTMONiTEs  PBcnwATTO,  Phillips. 

This  I  think  to  be  the  same  as  A.  IkmUei,  De  Loriol,  because  the 
young  of  the  latter  has  as  nnmerons  ribs  as  the  former,  according  to 
the  description,  and  a  speeimen  showing  the  pecoliar  probosaiB-like 
form  of  the  aperture  had  also  fine  ribs  on  the  inner  wfaorls.  Nevei^ 
tkekin  A.  pectinattis  acqmrcs  a  size  larger  than  any  known  speci- 
mens of  A.  Dcvillei  without  slsowing  the  changes.  If  they  be 
distinct,  then  both  species  occur  in  the  bwiudon  bands. 
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Aljlria  BEAueEANDi,  De  Loriol. 

This  is  a  well-marked  species,  with  two  strong  keels  on  each 
whorl,  of  small  size,  and  pretty  common  in  the  creamy  limestones 
of  Bucks.  8ee  Mem.  See.  Nat.  et  Phys.  do  Geuevo,  torn.  2Lxiii.  pL  ix. 
Iig.l9. 

KinoA onn, I>e Loriol.  PLIX.fig.  2. 

This  characteristdc  species  is  well  marked  by  its  acute  spire,  well- 
feparated  wborls,  and  deep,  almost  ornamental  lines  of  growth. 
The  British  specimens  aie  porleotly  consonant  with  the  author's 
figures  and  description. 

KinoA  nrcm,  spec  nor.  PL  IX.  figs.  1,  la. 

This  is  Yery  nearly  allied  to  N,  ceres,  with  which  it  is  found 
•SBodated*  Its  distingiushing  chaiaetoristio  is  a  broad  depreasion 
running  longitodinaUy  along  the  upper  part  of  the  whorl,  so  that 
tiio  top  and  middle  line  an  swoUeo.  There  are  deep,  suhomamental 

lines  of  growth  ;  and  these  are  crossed  hy  closer-set  fine  lontjitudinal 
lines.  The  spire  is  short  and  not  very  acute.  The  umbilicus  is 
moderate  in  size.  N.  ceres  shows  slight  traces  of  a  longitudinal  de- 
pression and  lines ;  but  in  this  they  are  so  marked  aa  to  render  the 
ahflU  mora  like  iVMonME  jmuotfli. 

In  the  oreomy  UmeitoBfla  afe  Goney  Hill  and  Qiiainton»  rather 
eommoii ;  also  in  the  Portland  Sand^  Portiand* 

Cqiithium  Huolestosi,  spec.  nov.   PI.  IX.  fig.  3. 

This  has  an  apical  angle  of  1 7^ ;  and  five  whorls  are  visible ;  they 
are  only  moderately  convex  and  slightly  separated.  The  ornaments 
are  on  the  upper  half  of  each  whorl  {i.  e.  nearer  the  aiyex) ;  transverse 
ribs,  thirteen  in  number,  in  the  last  two  whorls ;  these  have  a  gentle 
eonvexitj  backwards,  and  die  off  at  each  end,  leaTing  tiie  lower  half 
moovered.  This  has  three  sharp  longitudin^  lines ;  and  four  more, 
parallel  to  them  and  finer,  cross  the  ribs.  The  base  i»  covered  by 
the  longitudinal  lines  only.  Length  4^  lines.  This  is  nearly  allied 
to  C,  septemplicaUtm^  and  is  probably  the  pame  as  De  Loriol's  exam- 
ples figured  in  the  '  Bulletin  do  la  See.  Sc.  Hist.  Nat.  de  rYoniic/ 
2Dd  ser.  torn.  i.  pi.  iii.  fig.  4  ;  but  the  ribbing  and  folding  of  Burner's 
•peoiea  ia  modi  more  regular.  • 
limeetones  of  Coney  HQl  and  HartweU. 

Cbutiuum  BiruBOJiTUM,  apee.  noT.  PL  IX.  %.  5. 

Apical  anglo  24^,  whorls  rather  inflated,  sutorea  distinet,  last 
whorl,  not  including  the  beak,  half  sis  lar^e  again  as  the  penulti- 
mate. Ornaments  about  ei^liteen  elevated  transvcrpo  ribs  with  a 
slight  convexity  backwards,  stron^ast  towards  tlie  top.  Halfway 
across  the  whorl  they  give  place  to  two  smaller  ones,  one  being  the 
continuation  of  the  original.  These  are  all  knotted  by  longitudinal 
Ibiea  of  alteniating  strength,  about  eight  in  number.  The  base  has 
only  knotted  longitudinal  lines.  Total  length  about  i  inoh.  This 
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is  somewhat  Bunilar  to  M.  De  Loriol'9  (7,  l/amberti,  but  difEieucs  in 
details. 

In  fhe  Swindon  Sands,  west  of  Swindon. 

TuBBO  FoucARDi,  Do  LodoL   PI.  IX.  figs.  6,  6a. 

The  English  specimens  which  I  refer  to  this  species  have 
flattish  whorls  and  well-marked  sutures.  The  upper  sloping  part  of 
the  whorls  has  three  granular  longitudinal  lines,  the  upper  one 
having  the  largest  granules ;  these  are  followed  helow  by  two 
strong  graanlar  ridges  on  the  same  level,  witii  a  eonosvify  tnos- 
Tersely  striated  between,  this  oonoarity  fbmung  tiie  satore  of  the 
earlier  whorls.  The  base  has  eon  centric  granulose  lines  of  unequal 
strengtli.  Tt  is  imperforate  and  has  a  twisted  columella.  De 
Loriol  states  that  his  species  has  sometimes  two  rows  of  granules  at 
the  edge,  in  which  case  there  is  little  difFcrence, 

Rather  commou  in  the  Bwindon  Sands,  west  of  Swindon. 

TvBBO  APBiTUS,  spoo.  no7.  PL  IX.  fig.  7. 

This  is  only  known  as  a  cast.  The  spire  is  low,  apical  angle 
about  95^*;  whorls  two,  probahly  subquadrate  and  bicarinnted,  the 
npy)er  keel  the  stronger.  The  aperture  waa  p^rcatly  expanded  ;  and 
the  umbilicus  was  open.  It  seems  worth  wliile  to  name  this,  as  it 
is  rather  common  in  the  lioach ;  but  at  present  it  can  scarcely  be 
said  to  be  known.  I  have  seen  no  figures  of  fomign  speeies  of 
whieh  this  could  be  the  cast. 

BissoA  AcuTicARiNA,  spcc.  nov.    PI.  IX.  fig.  4. 

Apical  angle  27° ;  whorls  turreted,  with  a  sharp  keel,  which  is 
ornamented  by  fine  transverse  widely  s])act.d  lines.  The  last  keel  is 
thus  divided  into  low  knobs ;  aud  there  are  longitudinal  lines  on  the 
base  of  tiie  whorl.  Length  2  lines.  This  is  nearly  allied  to  the 
B,  unieariM  of  Bnvignier;  bat  the  keel  is  so  much  sharper  as  to 
eompletely  alter  the  shape  of  the  whorL 

Bathsr  oommon  in  the  oreamy  limestones  of  Books. 

Thraoia  tbhera,  Agassiz. 

This  name  is  used  to  denote  a  much  broader  shell  than  our 
ordinary  T.  depresttu  The  two  species  are  frequently  united  by 
authors ;  but  there  do  exist  two  perfectly  distinct  oneSj  and  &e  Port- 
land forms  agree  very  well  with  Agsssiz's  figures,  as  do  those  of 
Boulogne. 

CORBULA  SALTAITB,  SpCC.  ttOV.     PI.  IX.  fig.  9. 

Minute,  length  ^  the  breadth,  valves  very  nearly  equal,  beaks 
nearly  median,  anterior  side  elliptically  rounded;  posterior  side 
obliquely  truncated,  the  hinge-margin  remaining  nearly  parallel  to 

the  pallial  border  for  some  distance,  and  there  being  a  fiat  area  sepa- 
rated by  a  line  which  is  concave  towards  the  pallial  border.  ISiis 

gives  the  shell  a  humpbacked  appearance. 

It  is  nearly  allied  to  C.  fallax  and  C.  dammaruiisis  ;  but  neither 
of  these  hu^  the  shouldur-iikc  posterior  side. 


Comum  m  4be  oreamy  limestonas  i^t  Gctpey  Bill  and  QoaintoB, 
•ad  in  several  other  places. 

SOWERBYA  LONaiOR,  spCC.  DOV.    PI.  IX.  figs.  8,  8a. 

Length  ^  the  breadth,  beaks  nearly  median,  valves  moderately 
inflated ;  posterior  angle  well  marked,  almost  produced  at  the  pallial 
border;  anterior  side  most  convex  towards  the  pallial  border. 
Muscular  impression  deep.  This  diflers  from  S.  triamjularis  in  the 
great  length  of  the  poetoier  angle,  the  man  xonnded  pallial  border, 
and  more  median  beake. 

In  the  rubbly  limeetoneB  near  Aylesboiy,  and  in  the  Swindon 
Sands. 

llToooiroKi  WBTLunaak,  spec.  no?.  PL  IX  fig.  10. 

Only  known  by  the  cast,  which  cannot  be  referred  to  that  of  any 
known  species.  Its  general  farm  is  spathnlate ;  that  is,  it  is  thick 
aatefioily  and  becomes  broader  and  tfaioneir  posteriorly.  It  appears 
to  vary  in  shape  in  different  examples,  possibly  from  the  state 
of  preservation.  In  some  it  is  more  curved  than  in  the  figured 
example.  There  are  slight  ridges  on  the  cast  radiating  from  the 
umbo  ;  and  the  pallial  line  ia  crumpled  ;  the  shell  had  strong  folds  of 
growth,  where  preserved.  The  muscular  impressions  are  well  seen ; 
the  posterior  one  is  large  and  remote.  Length  4^  inches. 

Abundant  in  the  rabUy  limestones  Coney  iTill,  and  Ibnnd 
•ssooiated  wiUi  if.  Smumm  in  the  Swindon  Sands. 

CrPRiciRDiA  C08TIFBRA,  spec.  nov.    PI.  IX.  fig.  11. 

Valves  inflated  ;  apices  recurved,  nearly  median ;  posterior  side 
having  its  obli(iue  area  bounded  by  a  raised  rib,  and  concentrically 
striated,  as  is  the  rest  of  the  shell  obscurely;  breadth  a  little  less 
than  the  length.  This  is  very  like  an  liocardia.  Its  rib  dibtin- 
gnishes  it  from  all  others. 

Moderately  common  in  tiie  creamy  limestones  of  Coney  Hni. 

AsTABTB  ETTeosA,  Sowerby. 

I  cannot  find  any  difference  between  this  and  Astarfr  mneaia 
among  the  numerous  specimens  I  have  seen.  De  Loriol  afhrms  that 
its  hinge  is  exactly  like  that  of  the  Cyrenas  of  the  Weald ;  but  a  com- 
parison of  it  with  the  hinges  of  recent  Cyrenas  and  A'trartee,  leaves 
no  doubt  of  its  belonging  to  the  latter,  especiaUy  from  a  peculiarity 
not  perhaps  noticed  before,  ))ut  very  obvious  on  the  casts  &om 
Swindon.  In  these  and  in  Astartcs  only,  there  arc  verv  narrow 
lateral  teeth  and  sockets,  such  that  the  posterior  tooth  is  in  the 
right  valve,  and  the  anterior  tooth  is  in  the  left  valve,  fitting  into 
sockets  in  tbe  opposite  valve,  and  so  making  a  deep  impression  on 
tiie  cast 

AsTARTE  poLTMORPHA,  Coutcjjean.    PI.  IX.  fig.  12,  12a. 

These  specimens  agree  very  well  with  the  author's  description  ; 
but  being  very  characteristic  of  the  Swindon  Sandsy  and  possibiy 
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different  from  those  occurring  in  the  Osmington  Oolite,  they  are 
figured  for  greater  certainty.  These  are  depressed ;  umbonet  neszly 
median.  There  are  two  or  three  deep  oGncentric  furrows,  and  three, 
fife,  or  more  weU-marked  ribs  between.  The  hinge  ahove  the  same 
anaagemeiit  of  alternate  lateral  teeth  as  note4  abom 

AaiABTB  SiEicAinn,  Be  LorioL   PL  X.  fig.  5. 

ThU  is  perfectly  characteristic,  and  an  important  fossil  for  cone- 
latloD.  In  the  Swindon  Sands  of  Swindon. 

Ctprina  elonoata,  spec.  nov.    PI.  IX.  figs.  14,  14a, 

Breadth  a  little  more  than  ^  the  length ;  thickness  of  the  dou])lo 
valves  ^  the  length.  Beaks  a  little  anterior,  rather  prominent, 
anterior  border  subtruncately  rounded ;  posterior  side  with  a  very 
feebly  marked-off  dope,  which  makes  the  border  snbtnmcate; 
pallial  border  gently  convex.  Snrlkoe  with  concentric  lines  of 
growth.  The  lip:ament  is  often  preserved  in  those  behind  the  nm- 
bonps.  Thin  differs  from  implicata  hy  being  more  elongated, 
and  lience  less  trigonal.    Its  thickness  is  also  less. 

Abundant  in  the  Tri;/oni(i -hcth  of  Swindon,  the  creamy  limestones 
of  Coney  Hill,  and  in  the  Plinty  series  and  upper  part  of  the  Port- 
land Sand  in  the  Ide  of  Portland. 

Cyprlxa  dcpucaza.  Do  Loriol.    PI.  IX.  figs.  13, 13a. 

Our  specimens  agree  perfectly  with  the  type,  and  occur  chiefly  on 
a  lower  horizon  than  the  lost,  namely  in  th(?  ruhbly  limestones  of 
Aylesbury,  and  in  lower  beds  in  the  Portland  ISaud  on  the  coast. 

CxFBiKA  8WiinK>iiBirBD,  speo.  HOY.  PL  X.  fig.  2. 

Breadth  not  quite  two  thirds  the  length  ;  valves  not  ver}-  inflated : 
beaks  J  anterior,  not  prominent ;  anterior  border  rounded,  posterior 
border  obliquely  truncate,  the  hinp:e-line  sloping  downwards,  and  a 
broad  ill-defined  area  extendinj^  from  the  umbo  to  the  posterior 
side;  pallial  margin  greatly  and  miiformly  convex.  Shell  with 
rough  concentric  lioes  of  growth.  This  has  u  resemhlance  to  C. 
Loweana,  Lyoett ;  but  its  pallial  border  is  not  so  convex,  and  the 
posterior  region  is  more  markedly  tmnoate. 

Common  in  Swindon  Sands,  Swindon. 

ITinoAnnnTic  cikculabe,  D'Orbigny.   PI.  X.  fig.  1. 

D'Orbigny's  short  description  of  a  Unicardium  from  Portland 
rocks,  in  his  *  Prodrome,' csp6ce  circulaire,  renfl<^,  pins  oonrte  sur  la 
T^on  anale,  rideo  concentriquement,"  answers  very  fairly  for  our 
species,  which  Mr.  Damon  a|^>ears  to  have  found  also  at  Portland. 
In  point  of  fact  its  chief  feature  is  its  circular  outline ;  but  it  is  not 
vcr)'  inflated.  It  is  not  uncommon  in  the  rubbly  limestones  of 
Quaiutou,  Couey  Hill,  &c 

CABmuM  ?  ckLCkVEuUf  spoc.  uov.  Fl.  IX.  fig.  15. 

This  is  a  rather  obscure  spedes  allied  to  C.  JhifreMyewn^ 
Bnvignier. 
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Height  f  the  length.  Posterior  side  truncate,  with  an  angular 
margin.  No  ribs  seen  on  the  truncated  portion ;  tho  reat  of  the 
surface  has  fine  concentric  lines.  It  is  not  certain  that  this  is  a 
Cardiu7n ;  but  it  only  differs  from  C.  Dufrenoycum  in  apjpearance 
by  being  broador  and  wanting  &e  radiating  ribs  on  tninoatod 
part. 

It  is  raiiier  widely  ^atribated^  and  is  beafe  preserved  in  tba  ehalk 
of  ChiokflgroTe. 

Tbioovia  swiRnovBViis,  spoo.  no?.   PI.  X.  flg.  4. 

Breadth  }  the  length,  united  thickness  f  the  length.  The  urn- 
bonea  sitnatad  very  near  tiie  anterior  borfe,  not  very  prominent ; 
the  anterior  border  ia  anty  dightly  convex,  and  rounds  off  rapidly, 
with  a  marked  change  of  eorvature  into  the  pallial  border,  which  is 
gently  and  uniformly  rounded ;  posterior  border  rounded,  passing 
into  the  pallial  border.  Tho  posterior  hingc-linc  is  only  slightly 
concave,  and  slopes  but  slightly,  making  tho  whole  figure  a  rounded 
trapezoid.  Bseatebeon  moderately  narrow,  concave,  with  its  upper 
boraer  raised;  only  lines  of  giowfu  on  its  anrfaee.  Areananow,  by 
degrees  becoming  very  slightly  different  in  direotion  ftom  the  lateral 
portion  of  the  shell.  It  is  subdivided  by  n  p:roovo  bounded  below  by 
very  small  tubercles.  The  area  is  bounded  by  two  other  rows,  the 
lower  set  the  larger.  Lateral  portions  have  the  tubcrculated  costo) 
separated  from  the  area  by  a  verj-  shallow  depression ;  ribs  not  more 
than  twelYein  number,  at  first  pointing  posteriorly,  and  then  making 
a  mg&Bi  bend  to  the  anterior  side  ;  the  tubercles  are  compressed  and 
strongest  at  the  bend,  d}-ing  off  as  usual  anteriorly  ;  lines  of  growth 
well  marked.  The  elongated  form  permits  only  of  comparison  with 
T.  Pellati^  T.  murkata^  and  T.  incurva.  From  tlie  first  it  ditrers  by 
the  direction  of  the  ribs  and  its  tubercled  border  of  tho  area,  from 
the  seoond  by  tbefawneaaitf  ita  ribs  and  the  details  of  tba  area,  and 
from  tiie  last  by  its  oblong  shape  and  regularity  of  ribs,  tfaongh  the 
specimen  figured  by  ]>r.  Lycett  in  '  The  fossil  Trigouio),'  pL  ix. 
fig.  4,  under  tho  latter  namo  may  very  likely  belongs  to  this. 

In  the  bwiudon  bands,  west  of  Swindon. 

Lb>a,  sp.  n.  IX.  fig.  16. 

A  small  example,  looking  aa  if  it  belonged  to  this  genus,  is  figured 
from  the  freestones  of  Swindon;  it  may  nevertheless  be  the  CMula 
Bayami  of  Do  Lorid, 

PUOATULA.  ECHHrOIDBB,  SpeO.  BOT.     Fl.  X.  fig.  6. 

General  axis  oblique.  Upper  valve  slightly  convex,  most  so  at 
the  apex,  where  the  TslTsa  were  adherent;  four  or  five  irregular 
lost  ribs,  rising  to  qf»inea  whioh  are  not  prolonged  into  tabes ;  these 

ribs  bifiircate,  or  are  only  marked  by  the  spines  ;  there  are  fine 
intermediate  elevations,  but  no  stria; ;  the  lines  of  growth  are  con- 
spicuous. Under  valve  undulating;  spines,  which  are  tubular,  not 
confined  to  the  elevations ;  tho  whole  surface  covered  with  radiating 
rounded  riblets.    This  is  verj'  nearly  allied  to  1\  echinus^  Dcslong- 

a  J.  G.  S.  No.  142.  B 
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champs,  from  the  Kimmeridge  Clay ;  bat  the  splnos  on  the  more 
convex  viilvo  are  far  less  numerous,  and  they  are  not  produced  into 
tubes.  It  ditterti  from  1*.  viraultaa,  Et.,  in  ita  shape  and  the  lengUi 
ofihespinet.  P^MofwIa  aU  look  M  miudi  aliko  tliat  (o^ 
namo  them ;  there  oan  be  UtUe  doabt,  howem,  thtt  thie  le  dis- 
tinct. 

It  is  rather  common  in  tlio  lower  bede  of  the  Portland  Stone,  as 
in  the  creamy  limeetone  of  Quaintou. 

Ijica  bifubcata,  speo.  dot. 

I  hsTe  not  tvffieieiitly  good  materiali  to  Olnstrate  this  species ; 
bat  it  seems  to  me  a  distinct  one.  The  two  valves  have  very  Uttle 
oonfexity  ;  and  the  general  shape  is  like  that  of  Lima  nidisy  but 
more  quadrate.  1(  has,  in  the  cast,  great  rounded  ribs,  which  to- 
wards the  end  bifurcate  into  two  smaller  ones,  and  this  is  its  dis- 
tinguishing feature. 

It  is  not  uncommon  in  the  rubbly  limestonos  of  Coney  Hill  and 
Aylesbury. 

Pectgn  Mobiki,  Dc  Loriol.    PL  X.  fig.  3. 

This  characteristic  Portland-sand  fossil  is  distinguished  by  its 
bifiircating  punctated  stris,  which  are  very  close-set. 

BaTNCHONELLA  POBTLAKDICA,  spOO.  UOV.     PI.  X.  fig.  SSd. 

Shell  longer  than  wide,  outline  irregular,  beak  prominent ;  fora- 
men of  moderate  size,  its  lower  half  bounded  on  eadi  side  by  the 
ddtidinm.  Imperforate  yalve  very  convex  at  first,  short,  sloping 
down  in  two  long  tongues  and  having  three  nearly  obsolete  ribs 
on  enoh  side,  in  addition  to  the  median  elevation.  IVrforate 
valve  convex  in  the  middle  line  at  first,  but  soon  bending  round 
at  right  angles  into  a  long  tongue,  so  as  to  be  concave  from 
ride  to  side ;  this  tongue  is  generally  aimple,  as  in  iS.  iUMta,  but 
appeafs  to  be  Taxiable,  some  having  it  bind,  or  even  trifid,  but  difbring 
in  no  other  respeot  from  the  type.  There  are  ribs  on  eabh  side  of 
tlii'^  valve  corresponding  to  those  on  the  other.  ITicre  are  no  longi- 
tudinal riblets  on  this  species,  thougli  the  lines  of  growth  are  clearly 
seen.  One  can  scarcely  feel  quite  certain  whether  this  is  a  distinct 
species  from  li.  mbvariabilis.  That  species  comes  from  the  Kim- 
meridge Clay  of  Potters,  Wilts,  which  is  the  equivalent  of  the 
Swindon  and  Hartwell  days,  and  tliorefore  very  little  removed  in 
time,  if  at  all,  from  the  depo?it^  whence  these  are  derived.  These, 
too,  have  a  singular  resemblance  to  JL  variafuh's  of  the  lias.  The 
distinguishing  features,  as  coni])ared  with  the  Kimmeridgian  form,  are 
(1)  the  greater  inflation  of  the  shell,  so  that  a  side  view  shows  a 
triangle  whose  base  is  as  great  as  its  altitude  ;  (2)  the  prevalence  of 
one  central  fold  only ;  (3)  the  smoothness  of  the  surface ;  (4)  the 
larger  foramen.  It  is  also  very  ne  ar  to  B,  Hohtneggen^  Suess,  but 
is  more  quadrate ;  and  the  latter,  though  common,  is  not  found  with 
a  single  fold. 

Common  in  the  lower  part  of  the  Portland  Sand  at  Black  Ven, 
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Portland,  aud  less  oommon  in  oorrespondmg  beds  at  fit.  Alban's 
Head. 

Jfoto, — Of  the  loasilB  desoribed  from  the  ICmmeridge  GUy  (Quart. 
Jouni.  Ged.  Soc.  yd.  xxi.  p.  196)  the  name  Lwcetwrnu  e^pansus 
had  been  previously  nsed,  and  must  bo  changed  for  J.  rasenensis;  and 
Leda  lineata  had  been  previously  described  l)y  lligaux  and  Sauvago, 
in  the  *  Journal  de  Conohyliologie,'  under  the  title  of  L,  venusta. 


EXPLANATION  OF  THB  PLATB8. 

Plate  VIII. 

Compfirative  Sectioni  of  the  Portland  Rocks  of  England,  with  a  genemllMd 
theoretical  section  extending  from  St.  Albaa's  lieud  to  Buckiughamahire. 

Flati  IX. 

Fig.  1.  Naiica  incisa,  Blako.    Creamy  limestones  of  Coney  Hill. 

2.   ceres,  De  Loriol.   Creamy  limetitonea  of  Coney  Hill. 

3.  CerUhium  Hudleetoni,  Bhike.   Creamy  limeebonee  of  Coney  HUL 

4.  Itissoa  actUicarina,  Blakr.    Creamy  limestones  of  Coney  Hill. 

5.  CerUhium  hifurcatum.  Bloke.    Swindon  Sands,  W.  Swiiidon. 

6.  Turbo  Foucardi,  De  Loriol.    Swindon  Sands,  W.  Swindon. 

7.  ——  apcrfuii,  Blake.    Koach,  Portland. 

8|8a.  Sowerhi/a  hnyior,  Blake.    8,  Bubbly  limestonea,  Ayleeboiy ;  8a» 

Swindon  Sands,  W.  Swindon. 
9.  OovbulaaiMaiu,  Blake.   Creamy  limestones  of  Coney  HilL 

10.  Myocoyicha  portlandica,  Blake.    Pubbly  limestone?  nt  Conej-  HilL 

11.  Cupricardia  cost  if i-ra,  Blako.    Creamy  lime.-,  toneu  ol  Coney  Hill. 

12,  Ijfa.  Atiarte  po/f/morpha,  Contetjean.    Swindon  Sauda,  W.  Swindon. 

13,  It]  a.  Cuprihu  1/,'pli'^afa,  Do  Loriol.    "Rubbly  limestones,  Ayleebury. 
14^  14  a.     —  elottgata,  Blake.    I  rMonia-hoda,  east  of  Swindon. 

15.  Cbn^MNM?  MterMMRi  Blake.  Fortlandohalkof  Ohiok^groTe. 
la  Ltiaf  tp.  Jieestonen.  Swindon. 

FiiAraX. 

Fig.  1.  UnicarMuim  eireulare,  lyOrb.  BnWWy  limeeUHios»  Coney  HilL 

2.  Cyprma  swindonrnsis,  Blnke.    Swindon  Sands, 
s!  Feet  en  Morini,  De  Loriol.    Swindon  Sanda. 

4.  Trigonia  swindonetms,  Blake.   Swindon  Bands. 

5.  Astarte  utTnanni,  De  lioriol.    Swindon  Sanda. 

6.  PlicaitUa  echinoiJcs,  Blake.   Bubbly  limestone,  Coney  HilL 

7.  Ammoniiea  friphcatiis,  Sow.    Flinty  series,  Portland. 
8-8dL  Rhynchonclla  portlandica,  Blake.    Lower  Portland  Sand. 

9.  Diitcina  Humfkn^amot  DaTidson.  Dwarf  form.  Lower  Portland  8and, 
Black  Ven. 

10.  J^MMdtM  pagoda,  Blake.  Flinty  series,  Upwagr. 

Bucvflsioir. 

Kr.  'Rwtatnsm  agreed  generally  with  the  anthor^a  oondiiaioiw; 

but  he  differed  from  him  in  one  point— namely,  in  considering  the 
"roach"  to  constitute  a  good  geolofjical  horizon,  an  uppermost 
division  of  tho  Portlandian,  characterized  by  the  abundance  of 
CerUhium  and  Cyrena.  Ho  quite  agreed  with  Mr.  Blake  in  liis 
reading  of  the  Swindon  section.   He  oommented  on  tiie  absence  of 

s  8 
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the  Lower  Portlandian  (zone  of  Ammonites  gigas)  m  the  south  of 

England. 

Prof.  MoBRiB  bore  witness  to  the  aconraey  of  the  obserraiiioiis  of 
the  author.  He  refored  to  tike  bed  of  phosphatio  nodules  whieb^ 
in  the  Aylesbury  area,  overlies  the  Kimmeridge,  and  contains  a 
number  of  peculiar  fossils.  This  bed  has  been  traced  for  some 
distance.  Ho  regarded  Cytherea  rugom  as  a  form  of  Cyrena  and 
indicating  the  first  incoming  of  estuarine  conditions.  At  Hartwell 
the  transition  from  marine  to  freshwater  conditions  is  very  well 
marked. 

VtqL  Sbbst  thonc^t  that  part  of  the  beds  in  the  central  distrieta, 

now  regarded  as  Neooomian,  aro  really,  as  supposed  by  William 
Smith,  of  Fortlandian  age.  He  reg:ardcd  the  Portlandian  as  essen- 
tially a  sandy  series,  praduating  down  into  the  Kimmeridge  Clay 
below  and  the  Ncocomiau  above,  and  considered  that  the  Portland 
Limestones  were  mere  accidents  due  to  differences  of  condition. 

Vtn/L  T.  B.  Joras  had  not  ancoeeded  in  finding  fossils  in  the  blaek 
days  of  Swindon  whidi  would  enable  us  to  decide  whether  they  aie 
of  freshwater  or  of  marine  origin.  He  noticed  the  occurrence  of 
worn  septaria  on  the  top  of  the  side  of  the  quarry ;  and  stated  that 
he  had  found  fossil  wood,  like  that  of  the  Purbeck  beds  at  Portland, 
in  another  bed  near  the  top.  He  remarked  that  a  clialky  bed  in  the 
Portland  beds  at  TTpway  contains  Oretaeeons  Entomostraea. 

Prof.  BunuT  infonned  the  author  that  the  block  in  the  Mnsenm 
of  Practical  Geology,  referred  to  in  the  paper  as  being  Fortlandian 
in  the  lower  part  and  Purbeck  in  the  \ipper,  contained  Cyprids  in 
the  higher  part  of  it.  He  agreed  with  the  anthor  as  to  the  phy- 
sical geography  of  the  district  during  the  Porllandian  period. 

Mr.  WuiiAKER  stated  that  at  the  time  wheu  the  Geological 
Sorrey  of  Buckinghamshire  and  Oxfoidahire  was  made  it  wae  found 
very  difficult  to  separate  the  Portland  Limestone  from  the  Portiand 
Sand. 

Prof.  Walter  Kf^jping  referred  to  tlio  existence  of  Fortlandian 
forms  in  the  Fotton  and  similar  beds  in  the  Midland  Counties.  He 
thought  that  these  were  derived  from  Fortlandian  strata,  which 
must  have  been  originally  spread  over  wider  areas.  He  thought 
that  the  black  pebbles  in  the  Portlandian  and  Potton  beds  are  de- 
rived from  Carboniferous  rocks  forming  part  of  the  great  Pabeoscic 
ridge. 

Tho  Author  did  not  agree  with  Mr.  Hiidlcsfon  as  to  the  limits 
of  the  Tri(jonia  (jilbosa.  He  did  not  regard  the  "  roach as  ii 
continuous  deposit,  since  in  diilereut  sections  it  occurs  at  different 
horizons.  The  zone  of  Ammonites  gigas  is  certainly  not  to  be  dif- 
ferentiated as  a  distinct  Beries  in  the  Kimmeridge  section.  Possibly 
a  representxitive  of  the  Portland  may  exist  in  Lincolnshire.  He  did 
not  regard  Entomostraea  as  being  always  good  characteristic  fossils. 
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^'isTon  tJie  CiEOLOor  of  Anglesey.  By  T.  M'^Kenny  Hughes,  M.A., 
r.G.S.,  Woodwardiau  Prolesfior  of  Geology,  Cambridge.  (Bead 
February  26, 1880.). 

Tax  looki  to  which  these  notes  chiefly  refer  were  described  by  Pro£ 
Hcnslow  undor  the  heads  of  Quartz  llock,  Chlorite-Bchist  and  Grau- 
wackc,  in  a  paper  read  before  tho  Cambridge  Philosophical  Society  in 
«  1821.  Ho  evidently  considered  them  to  be  distinguishable  members  of 
one  group,  drawing  attention  to  the  paaeage  from  the  quartzite  into  the 
Bchiets,  and  to  the  generally  oorndding  dip  of  the  clay  date  and  Behists, 
even  where,  as  at  Forth  Convg,  there  is  a  small  discordancy  between 
the  two,  caused  by  a  fault.  Ho  points  out  that  green  alates  and 
brecciated  coiiLrloiuerateH  occur  in  the  upper  part  of  tho  black-slato 
group  ;  but  lie  records  no  fossils  from  wliich  the  geological  horizon  of 
the  beds  described  can  be  determined,  and  his  sections  do  not  give 
mooh  more  than  tiie  geographical  saeceeBlon  of  the  rooks  over  the 
areas  referred  to  in  thia^paper. 

Prof.  Bamsay  (Mem.  Gcol.  Surv.  vol.  iii.  p.  175)  describes  the 
Cambrian  and  Silurian  Rocks  of  Anglesey  as  in  great  part  resembling 
those  of  Caernarvonshire.  The  Cambrian  rocks,  he  further  remarks, 
are,  as  a  rule,  highly  metamorphic,like  those  in  the  promontory  of  Lleyn 
(Cambrian  in  his  nomenclature  includes  only  the  Harlech  group). 
The  fiKlnrian  («.  $,  the  lingnla-flags  and  all  above  them),  he  goes  on  to 
say,  are  also  sometimes  metamorphosed  into  mica-schists  and  gneiss, 
whiJo  in  other  plac<»  they  are  rich  in  Caradoc  or  Bala  and  Llandeilo 
fossils.  Unfortunately  the  genera  and  species  of  the  Graptolitos  are 
not  recorded  except  from  one  locality  mentioned  in  the  appendix, 
whero  it  is  said  ihsitGi'aptuliUiiis,  sp.,  and  Di^doyranaus  ttrttimculus 
ooour  near  Glanygors.  Probably  the  loealitieB  lieh  m  Bala  IbsaOs  are 
those  refiBirred  to  by  Salter,  in  the  Appendix,  p.  258,  where  he  says, 

The  midtitndes  of  a  dwarf  Tarie(y  of  OrihiB  eaSUgrimma  giro  a 
Caradoc  aspect  to  the  grits." 

It  is  clear  that  the  four  great  masses  of  gnarled  schists,  tho 
Holyhead  mass,  the  Amlwch  mass,  the  Llangefni  mass,  and  the 
Henai  mass,  were  considered  by  Prof.  lUmsuy  to  be  metamorphosed 
Cambrian, «.«.  Harkeh  beds,  with  the  exception  of  certain  be«  near 
Cemmaes  and  some  in  the  central  axis  from  near  TJanfaelog  to  the 
north  end  of  Llaneilian  mountain,  which  are  spoken  of  aa  altered 
Silurian. 

By  others  since  tho  great  masses  of  gnarled  shale  have  been  con- 
sidered to  be  Pre-Cambrian,  and  some  of  the  conglomerates  have  been 
referred  to  a  Pre-Cambrian  part  of  tho  period  still  earlier  than  the 
gnarled  shale. 

Before  we  can  with  safety  speculate  upon  the  age  of  the  gnailcd 

series,  itia  desirable  to  endeaTOur  to  clear  up  the  evidence  witii  r^ard 
to  the  age  of  the  fossiliferous  grauwacko  ;  and  the  following  short 
communication  deals  chiefly  with  this  question,  tho  conclusion  arrived 
at  being  that  the  beds  hitherto  referred  to  the  Caradoc  are  Tremadoc, 
that  they  are  succeeded  by  Arenig,  and  that  there  are  higher  slates 
amoDg.whi<^  wo  shall  by  and  by  probably  Identify  the  Lower  Bala. 
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To  work  the  section  upwards,  we  notice  that  we  always  hATe  the 
quartz-jasper  oonglomeratee  aboye  the  gneinb  xodks.  There  b 
never  any  group  like  the  gnarled  scries  associated  with  tiie  beds 
thut  immediately  succeed  the  pnoiss ;  but  the  quartz-jasper  conglo- 
merates pass  by  alt<TTiations  of  beds  into  grey  sand'^tonos,  which 
weather  ])rown  or  yellow,  as  may  bo  seen  in  Porthlyg-an  on  the 
N.E.  coa.^t  and  along  the  N.W,  Hank  of  the  central  axis  from 
Llauerchymcad  to  near  lianfoelog.  This  ia  clearly  the  grit  with 
nmltitadeB  of  a  dwaif  Tariety  of  oHhit  eaUigramma  **  thafc  Salter  spoke 
of.  But  the  species  is  0.  camusii^  a  plano-eoiLTez  .-^hi  11  of  smaller 
eiie  and  with  fewer  ribs  than  0.  calh'tjrumma^  and  a  characteristic 
Tremafhie  fi'ssil;  1  found  i\Uo  near  Tyhen  Ntseuretus  rams^ifengUf 
another  Treniaduc  t'orni.  They  exactly  re.sem])le  R])ecimens  from  the 
Tremadoc  of  liamsey  Island  in  the  character  of  the  rock  and  mode 
of  preservation  ol  tiie  foesikk 

The  Tremadoo  sandstones  are  toooeeded  by  black  slates,  into  which 
they  often  pass  up  by  alternations,  as  may  be  seen  along  the  coast  N.  of 
Porthlygan  an<l  beyond  the  fossiliferous  sandstones  X.  and  N.W.  of 
Llanerchymedd.  On  the  S.E.  side  of  the  centnd  axis  there  is  not  so 
clear  an  exjiosure  of  tho  conglomerates  and  Tremadoc  sandstones. 
Brown  sandstones,  however,  occur  near  Llangwyllog  church,  and  in  a 
quarry  a  little  to  the  south  of  it.  Besting  on  these  sandstones  are  Uaok 
shales  from  which  I  procured  a  small  fragment  of  a  Trilobite  aud  a 
number  of  Graptolites,  most  of  which  are  conommk  forms  in  the 
Arcnig.  These  black  shales  twist  round  and  are  seen  in  the  rail- 
way-cutting; K.  of  Llangwyllo;^  Station  to  be  faulted  against  the  green 
gnarled  series.  Mr.  Lapworth  has  looked  over  the  Uraptolitcs  for 
me,  aud  refers  them  to  the  following  sjx'cies  : — 

JDioellograplus  n.  sp.  alliwl  to  D.  Cliuiacograplus  delntus,  Lapw. 

MortMis,  HtUi.  Olowogmptus  eilistm,  Emmont, 

Biplograptus  dent  attm,  BfCngn.,  Wf,  And  80ine  new  fornasof  DifUgrOftm  ^ 

—I  -  foliaceus,  Murch.  (Jloiisogra^tus. 
dimacograptua  oonfertoR,  Lapxi\ 

Hardly  any  of  the  specimens  are  sufficiently  weU  preserved  to  show 
all  the  specific  characters ;  therefore  it  is  possible  that  when  we  have 

collected  a  lai^er  number  some  of  these  determinations  may  be  shaken, 
and  it  is  probable  that  the  list  M  ill  be  largely  added  to. 

From  the  evid<'nr<>  before  him,  Mr.  Lapwortli  is  inclined  to  refer 
the  bed  to  tlie  middle  part  of  the  "  blaL-k-shale  group,"  expressing 
some  doubt  lus  to  whether  they  should  be  called  Highest  Aronig  or 
Lowest  Llandeilo.  The  fragment  of  a  Trilobite  consists  of  three 
body-rings  $  and  from  the  number  of  these  in  a  given  space,  and  the 
relative  breadth  of  pleursB  to  axis,  it  agrees  very  well  with  Tri- 
n vch M.s'  March  ison !. 

On  the  wliolc  I  am  inclined  to  refer  the  Llangwyllog  beds  to  the 
Ai'enig,  and  expect  to  lintl  the  Llandeilo  forms  by  and  by  iu  the 
slates  of  lianbabo  and  Llancliun. 

AVe  have  therefore  two  horizons,  Tremadoo  and  Aronig  or  Loww 
Llandeilo,  pretty  clearly  determined  by  characteristic  fossils.  The 
bods  with  Graptolitcs  at  Llangwyllog  rest  on  brown  sandstones,  and 

pass  Qp  Into  black  slates  or  shales.  On  the  west  ol  iAwrobymedd 
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an  immense  seiiee  of  simOar  Uaok  shales  saoeeeds  the  fiiariUibrous 
brown  sancbtones,  passing  np  into  dates  with  anboidinate  sand- 
stones  and,  in  the  upper  part,  oontaining  a  few  irregular  beds  of 

felspathic  slatee  and  breccias. 

The  black-shalo  group  succeeds  the  brown  sandstones  everywhere 
with  a  general  northerly  or  northwesterly  dip  from  west  of  Llan- 
erchymedd  to  the  ooast  east  of  Amlwch,  whore  they  dip  as  if  they 
passed  nndor  the  green  gnarled  beds* 

A  difiooltj  oeoQiB  west  of  Uanarohymadd :  What  beoomes  of  the 
blaok  slates  as  we  follow  them  8.W.  ?  They  must  have  thinned 
out  or  been  faulted  out  or  overlapped.  I  think  we  have  fanlts  and 
an  overlap  of  t  he  Treiorwerth  beds. 

Tn  Henslow's  collection  in  the  Woodwardian  Museum  there  are  a 
few  fossils  labelled  from  Treiorwerth.  I  have  not  yet  vuriiicd  the 
looality  by  finding  tibe  fossils  myself  in  plaoe ;  bnt  the  rock  looks 
like  the  grey  calcareous  sandy  part  of  the  felspathic  bieemated  eon- 
glomerate  of  Treiorwerth,  and  very  difPerent  from  the  quartz-jasper 
conglomerate  of  the  base  of  the  Cambrian.  The  fossils  collected  by 
Henslow  in  the  Hhale  of  Treiorwerth  are  mostly  more  casts ;  but  I 
think  the  following  genera  and  species  occur  amongst  them : — 

Nebuhpora,  a  form  like  N.  lens  and     Ortbis,  Tarious  sp.,  ?  O.  testudinaria, 
a  tmaller  var.  Pakn.^  fO.  oriapa,  JTGoy. 


elongata  ?  Strophomena  rhomboidsU%  WUok. 

Atrypa  nmrginalis,  Daim.  Euomphalus,  ip. 

Meristclla  ongustifrous,  M'Coy.  And  one  speoimeo  of  a  curious  foMil, 

 ,  sp.  which,  for  the  present^  we  oaa  only 

Orthifl  callifrramtna  (?),  Dalm,  suggeet  may  bo 

Tar.  plicata,  iiow.  Acantholepia  Jamaiii,  dfCojf* 


These  fossils  refer  the  beds  with  oonsiderable  probability  to  the 
May-Hill  group,  nnder  which  I  indnde  the  Lower  Uandowy ;  bnt 
they  are  not  oondnsire,  and  I  hope  on  another  oooasion  to  offer 

further  evidence  on  this  head. 

The  great  black-shale  group  api)ear8  to  dij)  under  the  gnarled 
Boriea  ;  and  it  seems  improbable  that  ^they  are  everywhere  thrown 
down  into  this  position  by  faults. 

Another  groop  of  fossUiferons  sandstones  and  shales  overlies  the 
gnarled  series,  as  at  Olaniiynon  and  near  Llanpadrig. 

It  seems  therefore  worth  considering  whether  the  gnarled  shales 
may  not  bo  the  equivalent  of  tho  Bala  volcanic  sehes  deposited  be- 
yond the  rogion  of  principal  volcanic  activity. 


Discussioir. 

Prof.  Kamsay  said  that  in  the  area  of  IJanberis  and  Nant- 
ffrancon  the  IVemadoc  slates  liad  not  yet  been  proved  beneatli  tlio 
other  I>ower  Silurian  rocks.  He  had  himself,  with  "Nfr.  Ktlierid^'e, 
observed  Arenig  slates  in  Anglesey,  between  the  Cambrian  rucks 
and  tho  Carboniferona  limestone  north  of  Beanmaris.  That  had 
already  been  pnbUshed.  He  oonld  not  agree  that  the  grits  and 
schists  of  the  northern  part  of  Anglesey  could  represent  the  Bala 
Tolcanio  seriea  of  the  miUnhuid,  These,  in  places,  oontained  fossils. 
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Hd  thought  the  northern  region  of  Angleeey  repreeented  the  Cam- 
brian grits  and  slates  of  Caernarvonshire  and  Merionetli shire ;  in 
the  Anglesey  district  there  was  no  trace  of  volcanic  matter.  The 
metamorphosis  of  the  Anglesey  rock  was  verj'  great,  as  liad  long 
n}?o  been  noted  by  Sir  H.  T)e  la  Beclie.  lie  det^eriljod  ihv  nature 
of  the  alteration  these  rocks  had  undeiigone.  He  held  that  the 
atarike  of  tiie  strata  and  other  evidenoe  proved  f aaltB  in  the  districts 
where  Prof.  Hughes  doubted  their  existence. 

Dr.  Hicks  expressed  his  agreement  with  most  of  the  remarks  of 
Trof.  Piamsay.  He  thonght  that  the  rocks  wore  metamorphic  ;  and 
tliat  was  proved  by  the  specimens  which  J*rof.  Hughes  had  brought 
forward.  He  instanced  cases  of  contortion  alone  not  disturbing 
the  general  character  of  a  rock.  In  this  district  all  the  rocks  were 
higUy  altered ;  and  he  oonld  not  beliere  they  were  Bala  beds,  but 
that  they  were  of  Pre-QBmbrian  age.  But  he  quite  agreed  with 
Prof.  Hughes  in  his  recognition  of  the  Tremadoc  rocks.  They 
were,  |K'r]ia])s.  a  little  nearer  to  the  Lingula-flags.  Faults  of  the 
kind  rctjuircd  by  the  ordinary  tlieorj'  were  common  in  them. 

Prof.  BoKXEY  said  that  ho  thought  much  more  convincing  evi> 
denoe  was  required  before  these  schists,  which  he  held  to  be  truly 
metamorphic,  could  be  regarded  as  alteored  Bala  roeks ;  mere  re- 
semblance did  not  suffice ;  and  such  examination  a.s  he  had  made 
had  led  him  to  an  entirely  different  conclusion  from  Prof.  Hughes, 
It  was  very  improbable  that  beds  so  much  altered  should  OTcrlie  bo 
great  a  thickness  of  comparatively  unaltered  beds. 

Mr.  Keki'INo  mentioned  some  instances  in  the  beds  of  Llaudoveiy 
age,  near  Aberystwith,  which  indicated  a  structure  similar  to 
that  described  by  the  author ;  and  expressed  his  doubts  whether  the 
schists  were  of  Pebidian  age.  He  thought  there  was  much  parallelism 
between  the  Llcyn  peninsula  and  the  island  of  Anglesey. 

The  Pkesidkxt  said  lhat  as  regards  the  Lower  Silurian  iof:k8 
of  Anglesey  Prof.  Hughes  had  added  much  to  our  knowledge. 
Jfetmreha  ramseyensia  was  a  distinctiTely  Tremadoc  form;  and 
Orihis  caratuti  was  quite  distinct  from  0.  caUifframma^  and  also 
marked  a  Tremadoc  horizon.  Ho  thought  Hr.  Iiapworth*8  deter- 
mination of  Arenig  Oraptolites  also  might  be  thoroughly  trusted. 
It  was  also  ]K>ssi1)le  that  rcpreseutatiYCS  of  the  Lower  Xjaudovery 
beds  miglit  be  present. 

Prof.  HuGUEs,  in  r^-'pU*  said  ho  was  glad  to  have  his  views  as  to 
the  unconformity  near  Treiorwerth  confirmed  by  Prof.  Bamsay,  as 
it  was  in  that  area  he  suspected  the  orerlap  of  tiie  Hay-Hill  beds. 
In  the  absence  of  fossils  through  a  great  thickness  of  sedimcn- 
tar}'  rock,  the  Onarlcd  Schists  (unpromising  rocks  for  search)  agreed 
with  the  green  slates  of  Cliapel-le-dale.  lie  had  not  seen  any  tiling 
in  the  arrangement  of  the  contorted  lamime  in  adjoining  beds  which 
could  not  bo  better  explained  by  crushing  than  by  foliation.  He  did 
not  suggest  that  they  were  metamorphosed  rocks,  but  sedimentary 
rocks  outside  the  volcanic  area  altered  by  mechanical  action ;  and  he 
did  not  think  that  there  was  any  thing  in  the  minute  structure  or 
constituents  of  any  part  of  the  scries  inconsistent  with  this  view. 
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16.  A  Heview  and  Description  of  the  various  Specim  of  British 
TJprER-SiLUBiAN  Fenkstellid^.  By  George  William  fc>iifii7B« 
BOLE,  Esq.,  r.G.S.    (Head  February  25, 1880.) 

I BAYB  been  leoently  engaged  in  iiiTestigatmg  some  of  the  PalsBozoio 
Polyzoa,  more  particularly  the  Upper-SEurian  FenestellidaB :  ihe  re- 
sult T  bog  to  lay  before  the  Society. 

The  kSilurian  group  of  the  Fennstellida;  has  by  no  means  proved 
hitherto  so  interesting  a  field  for  research  as  the  Carboniferous 
series.  I  find  that  only  tbzee  palffiontologists  have  entered  the 
flcJd— Lonadale,  Portlook,  and  Prof.  M*Coy.  The  former,  in  Mnr- 
ehiaon's  'Silurian  System/  gives  an  aooonnt  of  fbnr  species  of 
Foiestella  and  two  allied  forms,  which  are  most  likely  FenesteUce, 
Prof.  M'Coy,  in  the  Cambridge  Catalogue,  describes  two  more 
species,  and  Portlock  one  from  the  Silurian  strata  in  Ireland,  making 
nine  species  in  all,  viz. : — 

FeueetelU  antiqua,  Lonsd.,  Muroh.  Sil.  Syat.  pi.  15.  Bg.  10* 

 Mi]]«ri»  L^nmL,  ibid.  pi.  15.  fig.  17. 

priaca,  Ijon»d.,  ibid.  pi.  15.  figs  18. 
—  reticulata,  Lonsd,,  ibid.  pi.  15.  iig.  19. 
Bfltepora  infni^lraluiii,  Lomd.,  ibid.  jpl.  15.  fig.  24. 
Qoi^onia  amimilis,  Lon/d.,  ibid.  pi.  lo.  fig.  27. 
Feofiatella  rigidula,  M'Coy,  Brit.  Pal  Foag.  (A.  1  c.  fig.  19. 

■  patula,  M'Cay,  ibid.  pL  1  c.  fig.  20. 
Gtor^am  ngularii,  IWf GeoL  LcmdoDdeny,  p.  324,  pL  22.  ilg.  3. 

Prof.  ICKToy's  portion  of  the  work  haa  the  adyautage  of  being  full, 
dear,  and  definite.  On  the  other  hand,  Lonadale^  turn  eanaea  to 
wbieh  I  ahall  allude,  has  not  been  so  fortunate  or  aucccssful  in  hie 
descriptions.  Indeed  the  work  of  Lonsdale  in  arranging  the  Fems^ 
ttUie  of  the  Murchison  collection  can  only  be  regarded  as  pro%*isional. 
"With  the  scanty  material  at  his  command  it  could  not  be  otherwise. 
He  says  himself  on  this  point,  **It  ia  very  difficult  to  establish 
apeciea  firom  fragmenta*'*. 

To  assi-st  me  in  the  work,  I  haye  carefully  gone  over  all  Lonsdale's 
typo  specimens  of  Ftmstdla^  now  in  the  Museum  of  the  Geological 
Society,  with  the  result  that  I  can  quite  confirm  what  he  says,  that 
he  had  only  "  fragments to  work  from,  and  those  destitute  of  re- 
liable specific  character.  For  the  most  part  they  are  mere  frag- 
ments of  the  xmrae  aide  of  tiie  polyzoarium,  weathered,  showing, 
of  oonrae,  no  oeUnlea,  and  altogether  yalneleas  for  the  aecorate  defi- 
nition of  any  species.  This  state  of  things  accounts  for  the  ambi- 
gnity  and  generalities  in  Lonsdale's  descriptions;  while  the  absence 
of  data,  such  as  measurements  of  interstices,  or  dissepiments,  or 
number  of  cellules,  as  adopted  by  Prof.  M*Coy,  renders  it  impossible, 
from  his  text,  to  distinguish  between  the  various  species.  In  not 
one  of  tiie  SUnriaa  ^eeiea  of  Fsnestdla  desoribed  by  Lonsdale  do  I 

*  HnvehiSQii's  SU.  System,  p.  G78. 
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fiud  any  reference  to  the  number  of  pores  l)ctw(>en  dissepiments 
or  in  any  given  epacx).  This  omission  is  fatal  to  the  future  recogm- 
tion  of  the  species,  llisinger*  committed  the  tame  mutake  in 
describing  Retepora  rttieviUOa ;  aad  Prof.  M*Coy  remarks  that  in 
ooDBeqnenoe  «*it  is  scarcely  possible  ever  to  determine  Hismgi  r  s 
Bpeoiee  with  ccrtaintv."  Hence,  from  the  Ramc  cause,  Prof.  M'Coy, 
in  compiling  the  Cambridge  Catak^j^no,  found  it  necessary  to  de- 
Rcribe  anew  two  of  Loui^dale's  species  of  Fenestdla^  from  Dudley. 
There  are  probably  in  all  not  more  than  five  species  of  Silnriaa 
Fmettdlce ;  and  yJt,  with  sixspecies  already  desoribed,  Prof.  M*Coy 
finmd  a  difficulty  in  assigmng  two  of  the  ordinary  types  to  any  of 
the  then  described  species.  The  two  species  which,  in  consequence, 
Prof.  M'Coy  described  were  Fenesfrlla  n\juf>,la  and  Fmestenn  pntuhi\ 
the  latter  is  only  the  voung  growth  of  one  of  tlio  s])ccies.  The  type 
in  the  Woodwardian  Museum  is  not  sufficiently  well  preserved  to  say 
which  of  the  several  species.  So  it  comes  to  this,  that  of  the  eight 
species  of  FeMtUOm  described  by  Lonsdale  and  Prof.  M'Coy,  virtu- 
idly  only  one  speciee  remains  which  is  fully  and  accurately  do- 
scnbed  so  as  to  be  recognized  firom  the  text»  viz.  Fenegtdla  rigtdula, 

^To^onc  familiar  wiOi  the  npi^oanmcc  of  the  Carboniferous  Fencbtel- 
lidi\3  with  the  woiidurtul  order  and  regularity  of  their  calcareous  net- 
work the  first  sight  of  Lonsdale's  figures  of  the  SanrianFenesteUidsB 
is  puzzUng,  to  say  the  least  of  it  Apparently  they  form  a  strange  con  - 
trast  to  them  in  outward  fbnn— cells  visible  onlym  the  upper  part  of 
the  polyzoarium,  carina  enlarged,  smoothed  and  rounded,  interstices 
abnormally  tliickoiied,  and  dissepiments  placed  at  all  angles.  One 
half  of  Lonsdnlc's  drawings  of  FeneshlU  present  these  anomalous 
forms  of  gl(l^^  th.    The  question  naturally  arose.  Hay©  we  hwe  trne 
i't'Mt^/cZZ<t-giowtb  ?   A  csreftd  examination  of  the  various  reputed 
species  fhmished  the  answer.   The  explanation  of  these  peculiarities 
iithat  the  conical  base  of  several  species  oiFenesteJln  is  the  subject 
of  an  abundant  incnisting  growth,  which,  in  most  cfuscs,  follows 
exactly  the  lino  of  the  insterstice,  which  it  conceals,  as  well  as  the 
cell-aiH  rtnn\  at  the  same  time  not  otherwise  intei-fering  with  the 
general  (unliiK'  of  the  Fciiesidlu.    Uufortunately  portions  so  covered 
over  have  be  omc  typical  FrntsUOa,  and  as  snoh  appear  in  Lonsdale's 
drawings.    Nor  do  I  find  any  caution  respecting  this  abnormal 
growth.    Silence  on  this  head  leads  me  to  suspect  thnt  the  true 
nature  of  the  growth  was  not  detected,  and,  more,  that  it  was  posi- 
tiv(  ly  regarded  as  part  of  tlie  FcaoiUlUt.    Indeed  there  is  no  doubt 
on  this  point— that  Lonsdale  was  misled  by  the  incnistation,  whioh 
he  distinctly  notices  and  would  regard  as  an  indication  of  maturity 
on  the  part  of  the  polyzoon ;  for  when  describing  the  specific  cha- 
racters of  the  genus,  he  says "  In  wefl-preserved  specimens  of  the 
base  of  apparently  old  corals  the  pores  or  foramina  on  the  side  of 
one  branch  have  united  bv  growth  to  those  on  the  side  of  the  ad- 
ioining  branch,  and  constitute  solid  bars,  either  stretching  trans- 
versely and  simply  across  the  intervals,  or  uniting  obliquely,  three  and 
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somefcimes  mow  together"*.  This  admirably  describes  the  ajipeartmce 
of  tho  priuoipai  iacrusting  growUi  found  on  the  base  of  Fenesk'lla^ 
Mid  10  also  veil  shown  inMvenl  of  the  dnwings ;  bat  it  haa  nothing 
whatever  to  do  with  tnieifoMii027(i-fiowtli.  There  is  no  dooht  ehoat 
the  polyzoary  of  the  FenesUUa  undergoing  a  change  with  age;  but  it 
is  not  of  th(5  erratic  character  mentioned  by  Lonsdale,  nor  by  the 
formation  and  junction  of  new  cross  bars  at  various  angles.  All 
that  occurs  as  the  polyzoon  attains  maturity  is  that  the  whole  of 
tho  oJi.i:iting  structuic  receives  an  additional  thickening  of  calcareous 
matter;  and,  as  will  be  readily  seen,  the  oldest  portion,  namely  the 
base,  woqUL  reeehre  in  time  the  gieatosb  amount  of  deposit*  and  eon- 
Boquent  thickening  of  its  part  over  the  other  portions  of  the  poly- 
zoary.    Continuing  my  invesri^ations  rospertinn^  thosr  inmisfini]^ 
organisms,  I  have  found,  in  all,  four  species  which  thus  distigure  and 
obscure  the  base  of  FenesUlla.    Two  of  these  arc  found  on  Lous- 
dale's  species ;  and  two  I  have  sinoe  discovered.    The  most  common 
inemstation  is  appaiently  a  eoral,  a  portion  of  the  ease  of  which 
fills  the  hollow  spaoos  between  the  lines  of  the  interstices,  whieh  are 
crossed  in  an  irregular  manner  by  tabulae,  which  seem  to  take  the 
place  of  the  dissepiments  of  the  h\  ncHelht.  This  particular  organism 
is  depicted  in  four  of  Lonsdale's  drawings  of  Fciustdlu  jiriscaf. 
Another  parasite,  in  tho  sense  I  have  mentioned,  is  an  Aulopora, 
whose  lines  of  growth  ran  amoothly  along  the  interstice,  greatly  in- 
ereasing  its  dimensiops,  while  here  and  there  are  given  off  the  cha- 
raoteiistic  tubular  bodies.    This  is  also  seen  in  the  drawing  of 
Fmestella  MiUeriX.    Another  of  the  organisms  might  be  an  incrust- 
ing  polyzoon,  judging  from  the  peculiar  branched  or  lobrd  bodies 
which  are  alternately  given  off  from  the  stem,  which  follows  tho 
line  of  the  keel  of  the  intersticu  of  the  FtneMelUi.    Another  species 
is  veiy  nmilar  in  stniotoie  to  some  of  tiie  AlTeolitss  of  the  Carboni- 
ferous limestone.   This  I  have  found  inonisting  one  of  tho  pre- 
ceding growths. 

It  is  obvious  that  in  the  weathering  which  the  remains  have  under- 
gone the  outer  organism  woidd  suffer  the  most  ;  notwithstanding 
this,  all  the  incimsting  forms  mentioned  can  be  satisfactorily  mado 
out.  1  may  mention,  in  connexion  with  these  incrustations,  that  the 
growth  inyariaUy  oommenoed  at  the  bsse,  and  rarely  extended  be- 
yond one  inch  firom  that  point.  I  have  in  no  case  found  it  on  any  other 
portion  of  the  polyzoarium.  From  this  I  infer  that  in  time  there  was 
a  loss  of  vitality  at  the  base  of  the  polysoon,  which  allowed  the  growth 
of  the  several  incrustations. 

"When  Fenestellas  became  thus  obscured  by  parasites  and  worn  away 
by  weathering,  we  cease  to  wonder  at  the  ocmfusion  and  uncertainty 
attending  Lonsdsle's  species.  And  mors,  with  every  wish  to  do 
justice  to  an  early  worker  and  careful  observer  among  the  Polyzoa, 
it  is  not  possible,  with  the  material  left  by  him  at  our  disposal,  to 
mako  out  the  species  intended.  The  only  course  which  I  see  open  is 
to  follow  Prof,  M'Coy's  example,  and  begin  de  novo  by  describing 

♦  Afun  h  Sil.  Syst.  pn.  077.  678.  t  MuTch.  8U.  BpL  pi.  16.  fig.  15. 

\  Murcii.  6il.  b^Bt.  pi.  10.  iig.  XT* 
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the  xanaining  speeiee  left  nndetoribed  by  Prof .  M*Goy.  Befine  doing 
80 1  ought  perhaps  to  Bay  something  more  in  jnstafioatioii  of  the  ex- 
treme course  I  have  adopted  in  setting  aside  the  aeiveral  species  of 
Lonsdale's  FmutUUm,  and  will  therefore  notioe  them  more  in  detaiL 

FmoKBKLLk  ARnaiTA,  Lonsd.,  Mmeh.  Sil.  Syst.  p.  678,  pL  15.  fig.  16. 

This  is  the  first  of  Lonsdale's  species,  and  synonymons  -with  the 
Qwwma  antiqua^  Goldf.,  whidi  has  long  been  aceeipted  as  «  Fme- 
ttdki.  This  referenoe  to  Goldfuss's  well-known  drawinf^  clears  up 
any  mystcn-  there  may  bo  about  Lonsdale's  species,  (ioldfuss's  typo 
is  from  the  Devoniiin  of  the  Eifel.  A  xcry  superficial  acquaintance 
with  the  subject  is  sufficient  to  enable  any  one  to  know  that  there  is 
little  affinity  between  the  Devonian  and  Silurian  forms  of  FenesUlla. 
On  the  other  hand,  the  Devonian  may  well  be  oompand  with  the 
Guboniferons.  I  have  no  doubt  that  the  Gorffoniaantiqua,  G61d£, 
is  the  equivalent  of  the  Fenestella  plebnUy  M'Coj-.  On  the  other 
hand,  1  know  of  no  species  in  the  Dudley  Limestone  tliai  could  be 
compared  with  Gonjojiia  (tntU/ua,  (ioldf.,  or  its  bett<^'r-known  repre- 
sentative the  FiuestcUd  plcbna^  M'Co)'.  In  this  view  I  am  home 
out  by  Prof.  M'Coy,  who  states  that  tiorgania  antiqua,  Goldf.,  "does 
not  probably  occur  in  Silurian  strata The  princi]>al  pouit  of  re- 
semblance that  I  see  between  the  drawings  of  Lonsdale's  and  Gold- 
foss's  species  is,  that  they  are  both  very  much  denuded  and  unfit  for 
typical  work.  If  I  mip:ht  hazard  a  conjecture  as  to  the  species,  from 
the  fragment  fij^ured  by  Ix>n8dale,  I  should  i^iix  that  it  is  an  eroded 
fragment  of  the  somewhat  overdrawn  FtnesUlla  rujidida,  M*Coy. 
The  unsoundness  of  this  referenoe  to  Chrnonia  antiqua^  Goldf.,  is 
seen  in  the  fact  that  some  yean  later  Uurdiison,  in  *  Siluria,'  stsAes 
that  Fenestella  antiqua,  Lonsd.,  is  now  assigned  to  Fenettdla  Mi- 
antiqua y  J)' Orh.f,  and  further  mentions  that  it  is  both  an  Upper  and 
Lower  Silurian  species. 

FraraBTBLLi  PBisoA,  Lonsd.,  Murch.  Sil.  Syst.  p.  678,  pL  15.  figs.  15 
ft  18. 

SoTeral  drawings  of  the  conical  base  of  this  species  are  giTen  as 

typical  examples  of  Ftne,'iteUa~growiAk  to  illustrate  the  genus.  Most 

of  them  are  so  disfigured  by  the  coral  growth  previously  mentioned, 
as  wholly  to  conceal  the  Ftnestdlat'  Again,  the  type  is  from  the 
Devonian  of  the  Eifcl,  the  IieU]iora  jn-'ma^  Cioldf.,  and  with  no  more 
success  than  in  the  case  of  Ftnettella  antiquu  ;  for,  apart  from  other 
considerations,  the  drawing  of  the  Silurian  species  when  enlarged 
scarcely  equals  the  natural  size  of  lltUpora  prisca^  Goldf.  This 
difi'erencc  in  size  is  fatal  to  its  identity  with  Goldf uss's  species, 
apart  from  the  indistinctness  of  the  drawings.  Indeed  the  error 
seems  to  bcadniiUcd,  sincu  in  Murcliison's  'Siluria'  it  is  mentioned 
that  the  Fene^tdla  formerly  referred  by  Mr.  Lousdale  to  FenestelUi 
priseay  Goldf.,  is  now  ^ntttdh  ImudnJei,  WOrb.§   The  drawing  of 

•  Brit.  Pal.  Fom.  p.  50.  t  Murcb.  Siluria,  p.  180. 

i  March.  Sil.  8vst.pl.  15.  figs.  16tt,  16a»,  IBb*,  150*. 
I  Mucoh.  Bilum,  p.  21(K 
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it  is  a  reprodaction  of  the  cup-shaped  Fenestella  base,  with  the  ap- 
pearanoe  of  revened  fenestrales  from  inorosting  remains,  as  ori- 
ginally ghmi  by  Lonsdale  in  tbe  *  Bilnrian  Syatom.'  The  Taliie  of  this 

reference  to  B^Orbigny  is  considerably  lessened  when  it  is  known  that 
be  takes  Lonsdale's  FenesUlla  prisca  for  tbe  type  of  his  new  species, 
offering  the  very  doubtful  advantage  of  a  change  in  the  nomencla- 
ture only.  The  same  mode  of  treatment  is  adopted  in  the  case  of 
Fenesidla  antiqua^  Lonsd.,  which  became  the  type  of  D'Orbigny's 
JFImtMla  tubatuiqtta.  I  liaye  mentioned  that  moat  of  LonsdEde's 
drawing!  of  Fmtstella  pritea  are  disfigored  by  tbe  enYelo|Hng  oonX 
to  whiob  I  have  alladed.  On  the  other  band,  Ftnestdla  Millen, 
Lonsd.,  is  covered  with  a  species  of  Aulopnra.  In  practice,  I  find 
that  in  our  museums  it  is  usual  Xo  assign  Fene^telluhB&Q^  covered 
as  in  Fenestella  prisca,  to  Fenestella  MilUri.  It  is  not  a  matter  of 
much  moment,  since  the  identity  of  this  particular  species  is  post 
leooyery ;  the  probabiHtiee  of  the  case  are  in  favour  of  tbeir  being 
the  same  species.  This  growth  on  Fenestella  prisca  is  readily  de« 
tectcd  by  the  peculiar  shape  of  the  so-called  fenestrules,  which 
are  often  twice  as  broad  as  long.  What  I  take  to  be  the  tabulae 
of  the  coral  occur  more  frequently  than  the  dissepiments  of  the 
FenesUlla  \  hence  the  alteration  in  the  shape  of  the  fenestrules. 
This  in  itself  is  (^uiie  a  reversal  of  the  nsual  order  of  growth,  and 
a  featore  as  yet  nnknown  in  the  FenesteiUide.  Prof.  NiebolBon^ 
Indeed,  mentions  an  instance  (Fenestella  filiformie*,  from  the  Devo- 
nian of  America)  in  which  the  order  of  the  fenestndes  is  thus  re- 
versed. The  identification  of  this  species  as  a  Flnestella  I  consider 
to  be  reasonably  open  to  doubt,  since  the  author  states  that  the  pori- 
ferous face  is  uuknowu,  thus  leaving  the  true  character  undeter- 
ninied.  Cten  it  be  tiiat  the  porifennis  face  is  ooTered  np  with  some 
foreign  growlh,  as  in  the  l^niian  forms  ?  It  seems  strange  that^ 
as  in  this  case,  the  attempt  shoold  be  made  to  describe  a  new  species 
of  Polyzoa  without  having  seen  the  cells  or  colhilifcrous  face.  1  may 
remark  here  tliat  this  is  not  the  first  time  in  which  the  incrustation 
on  Fciu  Stella  hao  proved  a  source  of  error  to  palaeontologists.  Some- 
thing ukin  to  thiis  led  Prof.  M*Coy  to  found  the  genus  Hemiirypa, 
wbidi  in  a  fonner  paper  I  showed  to  be  FmetUOa  mmbranaem 
(FhiL),  incrusted  by  a  minute  coral  or  polyioonf.  This  is  from 
the  Carboniferous  Limestone.  Phillips  mentions  a  simihtf  form  in 
the  Devonian  Tiimcstone. 

Five  years  after  arranging  tlio  Sihirian  I'olyzoa  we  find  Lonsdale 
suggesting  tbe  parasitic  nature  of  the  genus  lltmitrypa,  in  reference 
to  some  fossils  £rem  Van  IHemen's  Luidt.  He  makes  no  allnsioa 
whatever  to  the  ooeomnoe  of  the  same  growth  among  the  Silurian 
group  of  Polyioa.  * 

P£>'£8r£LLA  E£iicuLATA,  Lonsd.,  Murch.  bil.  8yt>t.  p.  678,  pL  15. 
fig.  19. 

The  specimen  in  the  Museum  of  the  Geological  Society  is  a  frag- 

»  Geol.  Mag.  1874,  p.  199.  t  Quart.  Jouni.  Qeol.  Soc.  toL  xht.  p.  28-^ 
}  ])lum's*yolaaiMlidaiids'(1844),p.l68.  * 
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ment  of  the  rcTcrse  face,  showing,  of  course,  no  cells,  and  there- 
fore TtilueioBs  iur  specific  purposes.    It  is  uot  possible  with  such 
material  to  defcermine  the  apeolee.   The  speoifls  is  loit ;  for  the  iB0i6 
that  ean  be  Mid  of  it  k  that,  jodging  fhim  tiie  imgiilar 
the  fenestrnlMy  aa  giyea  in  tiM  aketoh,  it  Is  tiie  joong  itage  of  aome 

^wnmvLk  MTT.T.1KT,  Lonsd.,  ICnroh.  SO.  Byst.  p.  678,  pi.  15.  fig.  17. 

This  wa6  intended  by  Lonsdale  to  be  a  new  species.  The  tfpe 
apeoimeii  in  the  Kmeiim  Is  tiie  eonieal  base  of  appatentii y  a  FmmUttm^ 
with  the  eoral  growth  incmsting  and  wholly  oonoeallng  it,  so  that 
not  a  oell-opei&ig  is  Tisible.    Lonsdale  says  that    the  pores  arc 

most  apparent  in  the  upper  part,"  evidently  because  of  the  growth 
around  the  base.  The  drawing  shows  this  to  be  a  species  of  ^-liJo- 
jpora.  With  the  specimen  and  drawing  both  silent,  and  specific  de- 
tails absent,  the  species  lapses  as  a  matter  of  ooorse.  Prof.  M'Cov  en- 
ooantered  all  this,  and  felt  the  impossibility  of  recognizing  Lonsdale^ 
i^ecies,  and,  still  unwilling  that  the  name  of  one  who  did  good  woik 
at  the  Crinoids  should  be  set  aside,  resolved  to  revive  the  name  for 
a  newly  found  Bala  species,  a  very  much  larger  and  difterent  form 
in  every  wav,  and  one  that  docs  not  occur  in  the  Dudley  beds.  Some 
fifteen  years  after  tlie  publication  of  the  *  Silurian  System,'  Murchi- 
son,  in  *  Silmria,'  gives  for  the  first  time  a  (d[etoh  of  the  poie-foos  of 
Fsnmtdia  JftO^rt,  Lonsd.  Meantime^  as  we  haTO  seen,  ProU  MHkj 
had  appropriated  the  name  to  another  spedes  from  another  horizon. 
The  question  now  arises,  which  of  these  species  should  retain  the  old 
name — the  one  from  £ala  or  that  ftom  Dudley,  Lower  or  Upper  Silu- 
rian ? 

1  think  that  Prof.  M'Coy's  spedes  should  still  be  known  as 
Fenettetta  Millen  from  i^e  eironmstaase  that  It  was  the  fint  to  he 
adequately  described,  while  Lonsdsle  gave  a  name  only,  and  no 

proper  description  of  the  species.  Another  rt  ason  for  this  decision 
is  that  there  is  good  reason  for  believing  that  Murchison's  FeiifsUlla 
M'tUcri  of  1854  is  only  Fenesklla  rigidula^  M'Coy,  without  the 
doubtful  appendages  on  the  keel. 

Ebtipoba  zHTuimiBirLTJii,  Lonsd.,  ICuroh.  Sil.  Syst  p.  679,  pL  16* 

fig.  24. 

This  is  a  true  FenesteVa.  In  mistake  Lonsdale  assigned  it  to 
Retepora.  He  says  of  it,  *'  The  arrangement  of  the  pores  is  similar  to 
that  in  FenesteJla,  but  on  tho  inner,  and  not  the  external  surface." 
As  a  rule  the  greater  number  of  the  Hilurian  Fenestellidiie  have  tho 
pore-fooe  on  the  outside  of  the  polyzoarinm,  but  not  alL  This 
arrangemrat  of  outside  pores  prevails  in  those  species  having  the 
oonical  or  cylindrical  base.  Others  which  are  widely  cup-shaped,  with 
a  more  open  arrangement  of  tlie  fenestmlos,  have  tlie  pores  on  the 
inner  side,  in  this  respect  coiTebpoudin;^  to  the  Carboniferous  species. 

Lousdale  was  clearly  in  eiTor  in  giving  generic  value  to  the  cir- 
cumstance that  in  this  particular  FentsUlla  the  cellules  were  on  the 
inner  instead  of  the  outer  sur&ee  of  the  pdyzoary.   Th»  generio 
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differences  between  these  fenestrate  forms,  thuuks  to  the  labours  of 
Frot  M*Coiy,  are  nowmuoh  Mtor  iiiid«t(ood }  HIm  flwl  tiial;  Hdtform 
has  tha  iMira-&oe  on  the  itaner  aide  of  the  pelyzoarinm  ia  not  aoill- 

dent  to  ally  it  with  Betepora.   I  cannot  say  moie  aboat  tbia  apeeias 

than  th.it  it  is  a  true  Fenesiella,  I  have  seen  three  specimens  ;  and 
in  each  case  the  porea  were  not  visible.  This  recovered  s|)ecies  will 
not  iu crease  the  number  on  the  list,  since  there  is  good  reason  to 
believe,  from  the  thickened  nature  alike  of  interstice  and  dissepiment, 
that  it  ia  only  the  afed  oonditum  of  one  of  the  enating  speeiaa. 

GoBGONiA  A881MILIS,  Lonsd.,  MuTch  Sil.  Syst.  p.  080,  pi.  15,  fig.  27. 

This  is  a  polyzoon  of  lai^e  dimensions.  Lonadalo  remarks  of  it 
that  *'  it  is  impossible  to  determine  if  the  fossil  be  a  true  Gonjonia  ; 
but,  from  its  great  resemblance  to  Lkc  uxi^s  of  some  02i;iBting  8|)ecie8, 
I  haTo  TontQied  to  plaoe  it  in  that  gonia''  *.  Pnf.  IC'Coy  regarded 
it  aa  a  true  Om^niaf,  and  mentiona  the  oooaxrenoe  among 
the  CartKAiferous  fossils  of  somo  specimens  referable  to  Ihia 
"  obscure  species  "  as  he  calls  it.  Lonsdale's  drawing  of  this  spedaa 
shows  a  fragment  of  the  base.  The  branches  are  said  to  anastomose — 
a  feature  pertaining  to  RtUpomy  but  not  to  Fene$UUa,  whose  branches 
arc  united  by  dissepiments.  If  the  drawings  and  description  are  to 
he  reoaiTod  aa  ezaefc^  than  there  oan  he  no  donht  of  iti  being  a  JE&rt^- 
fora^  At  the  same  time»  I  think  that  Lonsdale  intended  to  doMinhe 
a  large  form  of  Fenatella  which  ia  common  in  the  Dudley  Limeatone^ 
■while  from  some  defect  he  gave  it  characters  which  would  assign  it 
to  another  genas.  One  thing  is  clear,  whether  Lonsdale's  species  be 
a  lictepora  or  Fenesiella j  it  has  not  as  yet  been  described  in  either 
genua.  To  aivoid  the  difficulty  wMoih  inig^t  axiie  if  a  true  Betepora 
atamUis  ahonld  be  fimnd,  it  wiU  he  wdl  to  deacribe  it  onder  the 
name  of  Fmutella  reieporatay  for  reasons  which  I  shall  allude  to 
later  on.  In  •Siluria'  it  is  stated  that  Oorfjonia  asgimilig  is  Fenes- 
tella  assimilist'  No  description  is  added;  and  the  drawing  is  that 
of  the  fenestrules  only,  thus  practically  leaving  the  form  unde- 
scribed. 

'EwKmnvLk  patula,  M'Goy,  Brit.  Pal.  Foss.  pi.  i.  C.  fig.  20. 

I  have  examined  the  specimen  in  the  "Woodwardian  Museum, 
and  find  that  it  is  only  the  young  frond  of  one  of  the  described  forms, 
so  far  as  I  can  ascertain.  Tho  cells  arc  not  so  visible  as  they  are 
made  to  appear  in  the  drawing.  There  is  no  good  reason  for  re- 
garding it  as  a  separate  speoiea.  Ita  retentioii,  therefore,  on  the  hat 
of  Bihiiian  qpeaifla  ia  muieceMary.  Ita  ease  ia  anakigoiia  to  that  of 
FetuMtdla  fryOm,  WOojf  whioh  ii  an  early  atage  of  FmmidH 

TmmsLLL  navLkm,  PortL  Qeol.  Londondflorry,  p.  324,  pi.  22, 
fig.  3. 

lliia  apeeioB  Pofllook  deaeribed  and  figured  from  the  Silurian 

*  Muroh.  Sih  Sjst.  p.  680.  t  MoCo/s  Oarb.  Foas.  Ireland,  p.  190. 

X  MuMhiMn's  %lvia,'  p.  216,  319. 
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schists  of  De8ert<jreiit,  Ireland.  Unfortunately,  the  reverse  only  was 
exposed  ;  consequently  the  details  by  which  alone  it  oould  be  recog- 
nized m  nnkiunni.  The  polyzoary,  from  He  wide,  nearly  flat  ex- 
pannoDf  wonld  seem  to  favour  the  supposition  that  it  belongs  to  fhe 
Carbonifenras  rather  than  the  Silurian  type  of  Fenestella. 

Coming  now  to  speak  of  the  species  to  be  described,  I  may  truly 
characterize  them  as  having  strong  individual  fcntures,  which  clearly 
define  them,  not  only  from  one  another,  but  also  Irom  their  congeners 
in  other  formations.  It  will  he  aeen  that  I  hafe  oooddenlily  re- 
dnoed  the  number  of  epeeiee.  In  the  state  of  nneertainty  in  tiie  past 
as  to  their  real  character,  it  is  impoflsible  to  say  to  what  extent 
they  may  have  been  repeated.  I  by  no  means  wish  it  to  be  under- 
stood that  I  consider  the  present  list  as  to  the  number  of  species 
eitlicr  full  or  complete.  There  is  work  yet  to  be  done  :  the  main 
details,  and  character  of  Fenestella  {lieU^ora)  inftindibulum  (Lonsd.) 
remain  to  be  worked  oat.  In  addition,  I  have  traces  or  fragmento 
of  two  other  spedies,  the  details  of  which  are  not  sufficiently  complete 
to  warrant  publication.  One  species  is  intermediate  in  size  between 
Fenestella  lineata  and  FenenteUa  retepornta ;  the  otlicr  is  much 
smaller  than  any  Frmstella  i  have  yet  met  with  from  either  Carboni- 
ferous or  Silurian  formations.  It  has  one  hundred  and  twenty-five 
interstices  measured  transversely  to  the  inch.  I  would  suggest  that 
it  ^oold  he  provisionally  known  as  FmuMa  dudU^entiM,  As  re- 
vised, tihe  Alnrian  species  of  the  British  Fenestellid»  will  he  as 
follows ; — 

PkiTBSTELLA.  BieiDrLA,  M'Coy,  Brit.  Pal.  Fobs.  p.  50,  pi.  i.  C.  flg.  19. 

Thin  species  and  Feiuitella  patula  were  first  described  in  the 
Csmbridge  Catalogue.  I  have  not  sacoeeded  in  tracing  it  either  in 
the  Woodwardian  Museum  or  elsewhere.    The  marked  peculiarity 

ahont  it  is  the  double  row  of  small  cells  on  the  keel.  This  I  have  not 
been  able  to  verify.  It  is  due  to  Prof.  McCoy  to  state  that  Hall 
describes  an  American  torm,  Fenestella  elegftns,  as  having?  the  keel 
margined  on  each  side  by  a  row  of  small  oval  cells"  *.  I  have 
mentioned  hefore  that  I  regarded  the  character  of  this  species  as  some- 
what exaggerated.  My  reason  for  so  saying  is  that  Pro£  M<Goy  was 
clearly  in  error  in  claiming  the  same  exceptional  cell- character  for 
some  of  the  Carboniferous  species,  which  have  proved  to  be  not  true 
cells,  but  prominences,  tiie  remains  of  a  former  ornamentation.  The 
difliculty  is  not  lessened  in  consequence  of  its  being  stated  that  the 
cells  arc  only  half  the  size  of  the  ordinary  ones.  Now  FtnetUlla 
inUrmedia,  it  is  tme,  does  wny  in  part  a  cell  on  the  keel,  but  then 
It  is  of  the  same  size  as  the  other  cells.  I  strongly  suspect  that  this 
feature  of  the  iiiferior  cell  is  veiy  moch  overstated.  The  explanation 
is  probably  the  lullowi!!?  : — Some  years  nf»o,  what  is  now  known  as 
a  prominence  on  the  keel  of  Fauatella^  the  remains  of  a  spiniferous 
ornamentation,  was  regarded  in  some  way  as  a  reproductive  organ. 
Lonsdale  termed  them  "abraded  vesicles "f,  while  Prof.  King 

•  llall,  Pal.  New  York,  vol.  ii.  p.  1G4 
t  Geology  of  Bunia,  toL  i.  App.  A.  p.  690. 
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would  regard  them  as  "  gemmuliferous  vesicles  "  *.  At  any  rate  the 
drawings  and  description  of  this  species  are  so  circumstantial  that  we 
oiuuiot  do  otiierwifle  fhaa  letain  it,  notwithstanding  the  douhts  I 
have  expiMsed  as  to  ite  identity. 

Fenestella  reteporata,  sp.  nov.    Plate  XI.  figs.  1-1  c. 

Sp.  char.  Polyzoar}',  base  conical,  opening  outwards,  forming  ex- 
pansions of  considerable  size.  Interstices — obverse,  strong,  sinuous, 
keeled,  roonded,  often  angular  from  erosion  ;  reverse,  striated  longi- 
tndinally:  four  intontioes  in  the  spaoe  of  two  Unae  tnnmnaly* 
Keel  strong,  ronnded.  Dissepiments  often  less  in  sise  than  intontioes, 
recessed,  not  so  wide  as  fenestrales,  giving  in  oonsoiiaonoe  a  wared 
line  to  the  interstice ;  two  dissepiments  in  the  space  of  two  lines 
longitudinally.  Pores  small,  circular,  less  than  their  diameter  apart 
when  not  worn  down  ;  from  eight  to  thirteen  pores  between 
diflsepiments.  PeneetroleB  imgular,  oblong,  narrower  at  either  end, 
twice  as  long  as  broad. 

Oht.  There  is  no  Ibar  of  oonlnsing  this  species  with  either  of  the 
other  Dudley  forms.  Its  ample  size,  irregular  habits  of  growth, 
and  large  number  of  pores  between  dissepiments  are  its  distin- 
guishing features,  and  clearly  mark  its  identity.  I  shall  allude  later 
on  to  the  interest  attaching  to  this  species  on  account  of  its  possessing 
traces  of  its  relation  with  tiie  genus  EeUpara^  which,  while  abundant 
in  the  beds  below,  has  not  as  yet  been  found  in  the  Dudley  beds. 

Loealiiff,  Wenlook  limestone  near  Dudley. 

Fenestella  lixeata,  Bp.  nov.    Plate  XI.  figs.  2,  2  a. 

Sp.  char.  Polyzoar}*,  base  strong,  cylindrical  or  conical,  attachment 
solid;  growth,  rapidly  opening  outwards,  forming  wide  fimnaL- 
8liiq[wd  expansions,  folded  or  plaited  on  their  outer  margins.  Ft?o  or 
■Ix  inches  in  diameter.  Interstices  on  the  podferons  faoe»  keeled, 
ronnded  when  perfect,  often  angular  from  erosion  :  reverse,  finely 
striated  longitudinally :  ten  interstices  in  the  space  of  two  lines 
transversely.  Keel  fine,  straight,  with  slight  prominences  ;  as 
seen  when  freshly  or  partially  weathered  out,  it  appears  as  a  series 
of  Teiy  regular  and  parallel  lines,  suggestive  of  its  specific  name. 
Dissepimeinta  on  poro-fbee  thin,  recessed,  often  eipanding  at  the 
junction  with  the  interstice  ;  seven  dissepiments  in  the  space  of  two 
lines  longitudinally.  Puies  placed  on  the  outer  surface  of  the  poly- 
zoarium,  small,  round,  prominent,  own  diameter  apart,  one  or  two 
between  dissepiments,  and  one  in  each  angle  formed  by  the  junction 
of  dissepiment  with  interstice ;  latter  feature  not  always  persistent, 
in  which  case  there  are  three  or  four  pores  between  dissepiments. 
Fenestmles  on  the  rsreise  face  ohiong,  becoming  oTsl  towards  tho 
hasc  of  the  polyzoarinm ;  on  obrerse  face  a  Tery  narrow  aperture. 

Ohs.  This  species  is  the  common  form  in  the  Upper  Silurian 
group,  and  t<?lerably  abundant  in  the  Dudley  Limestone,  in  this 
respect  occupying  a  corresponding  position  to  the  FcnesuUa  pltheia, 
M'Cuy,  among  the  Carboniferous  species.  If  tho  nature  of  Lonsdale's 

*  King't  Penn.  Foil.  p.  37. 
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species  could  bo  (lefinitely  determined,  I  have  no  doubt  thfit 
most  of  them  would  bo  included  under  the  head  of  this  spcdos. 
Theie  is  also  aa  imdoiibted  oanwpoiideiiM  in  many  delsails  between 
this  epecifls  and  the  F,  rigidida,  WOoy,   The  main  diflbrenoe,  and 

that  a  serious  one,  is  that  Prof.  M^Coy  figures  his  species  as  having 
a  dou])le  row  of  small  cells  on  the  keel,  while  F.  llneata  has  a  single 
row  only  of  the  promiiicnecs.  1  have  examined  many  specimens  of 
Fenestella  from  the  Dudley  beds  without  finding;  as  yet  one  having 
the  small  double  row  of  colls  on  the  keel.  The  regular  mode  of 
growth,  and  rigid  straightness  of  the  interstiee  and  keel,  at  once 
distingiiish  tbis  speoiea  {F,  linsaia)  ftom  all  otiien  in  the  Silurian 
group. 

Lfteaii;^,  Wenlook  Limestone  near  Dudley. 

FunsxiLLA  nrxHBmDiA,  sp.  noy.  Plate  XL  llgs.  3, 8  a. 

8p,char,  Polyzoary,  extreme  hase  sc^d  and  strong,  somewhat 
oonioal  in  shape,  nltimiitely  forming  "wide  open  expansions.  Liter- 
stices  on  the  obfefse  face  broad,  full,  and  nmnded,  having  for  the 

length  of  two  or  three  fenestrulcs  two  rows  of  pores,  succeeded  by 
widening  of  the  interstice  and  three  rows  of  pores.  This  is  repeated 
over  the  expansion.  The  three-row  series  of  pores  immediately 
precede  the  bifurcation  of  the  interstice.  Iteverse,  finely  striated 
longitndinallj.  Widlii  favlable,  nLlamately  narrow  and  iride. 
Diss^nments  tiiin,  leoeseed,  not  expanding  at  junction  with  inter- 
stice ;  six  dissepiments  in  the  space  of  two  lines  lon^tndinaUy. 
Keel  thin  and  fine  between  the  two  rows  of  pores ;  a  corresponding 
lino  winding  between  each  lino  of  the  three-row  series  of  pores. 
Pores  on  the  inside  of  the  ]>oly/.oary  small,  circular,  prominent, 
level  with  the  keol,  their  diameter  apart,  three  between  dissepi- 
ments. Eenestrulea  on  the  poriferous  fbee  very  naxvow,  wider  on 
tilie  reverse,  nine  in  the  space  of  two  lines  measiued  tran^eisely. 

Ohs.  This  very  fine  species,  which  up  to  the  present  time  has  been 
strafiixoly  overlooked,  except  that  I  find  it  as  Foh  afclla  imttihi  in  the 
Woodwardian  Museum,  is  by  no  means  uncommon  in  the  Dudley 
Limestone.  It  is  met  with  in  two  very  different  conditions — first, 
when  worn  down,  in  which  case  the  interstice  is  bare  and  cylin- 
drical, and  at  certain  distances  on  the  site  of  the  keel  axe  two  or 
three  cell-openings.  In  this  stage  it  is  easily  recognized  by  the  cells 
oceui^ring  tiie  place  of  the  keel ;  while  in  the  more  perfect  condition 
of  the  polyzoon,  the  poriferous  face  of  the  interstiro  is  broad,  flat, 
and  slightly  rounded  at  the  sides,  and  has  two  or  three  rows  of 
pores  arranged  in  the  manner  descrilnjd — not  on  the  keel,  as  claimed 
for  F.  riffidula,  M*Coy,  but  in  the  place  of  the  keel.  This,  I  may 
remark,  is  a  unique  fsature  among  the  British  FenesteDidae,  no 
similar  appearance  being  on  record.  The  contrast  presented  be- 
tween the  two  conditions  to  which  I  have  alluded — the  broad 
interstice  with  its  irrecrnlar  row  of  prominent  circular  pores  and 
fine  delicate  keel,  winding  in  and  out  between  them,  and  fenestrules 
nearly  obliterated  by  the  spread  of  the  interstice  on  the  one  hand, 
and  a  bare  round  branch  with  worn-down  cell- apertures  and  wide 
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Ibneobroloe  on  the  other — ^is  so  great  that  the  error  of  making  the 
lattar  into  «  imw  ipecies  might  be  ezemed;  it  is  «n  instniOtiTe 
iaoidciii  in  the  history  of  the  PalKoaoio  Polyzoa.  Talmi  altogetiier« 
we  may  olaini  lor  tint  qpeoifls  a  pienienhip  of  beaoty  amo^ 

beantiful  forme. 

Since  writing  the  above  I  have  asocrtaincd  that  Hall  mentions*  a 
species  {Pohjpora  inceptxi)^  from  the  beds  of  the  ^Niagara  group  (the 
Upper  Silurian  of  North  America),  allied  to  the  foregoing,  only  with 
the  iVJ^^poTMhchanMtor  stQl  more  developed  by  haTing  the  rowe  of 
pores  increasing  from  two  to  four  instead  of  from  two  to  three,  as  in 
FetiesUlla  intermedia.  In  this  cose  he  assigns^  rightly,  I  believe,  the 
species  to  Polypora^  on  account  of  its  having"  8o  many  as  four  rows 
of  pores  on  the  interstice.  A&  to  the  question  whether  Fenesiella 
intermedia,  with  its  three  rows  of  pores,  ought  also  to  be  included 
with  Foiy^ora,  it  may  fairly  be  left  open  for  consideration.  It  is  to 
be  bofne  in  mind  timt  the  Fohfpor»4&ttnxM  axe  not  ao  itroB^y 
marked  in  it  as  in  the  other  case,  uud  that  the  ftoioe  generally  19 
that  of  Fenestella ;  to  refer  it  to  Foltfpora,  therefore,  wonld  be  to 
iprnore  its  leadinj^  character.  It  may  bo,  and  is,  diflBcult  in  practice 
to  draw  the  line  as  to  where  Fenestdla  ends  and Foli/j^ra  bo^;in».  The 
genus  Polypora  was  founded  by  Prof.  JVl'Coy  for  that  division  of  the 
FenMttOa  fxaSfy  heying  mote  then  two  lowe  (rf  oella  on  the 
intentiee ;  tiie  imal  nnmber  of  vows  of  oflUs  In  Polyp^ra  !•  ftom 
three  to  ten.  These  intennediate  or  compound  formoi  ae  Bolyp&ra 
incepta  or  FemsfeUa  intermedia,  were  then  unknown,  and  the 
difficulty  as  to  chu^sification  had  not  arisen.  FfiiesteJIa  intermedia 
is  clearly  one  of  those  connectinfj:  links  between  allied  genera  which, 
while  they  serve  to  unite  the  family  as  a  group,  are  somuwhat  diihcult 
to  Cibimify.  Feifai^  on  the  whole,  lees  Tidenee  will  be  done  by 
idlowing  F.  imimmidia  to  remain  with  the  FeneHelke  than  by  in- 
corporating it  with  Pohjpora  ;  for  I  believe  that  Hall,  in  apeaking 
of  his  species,  with  its  decided  Po?v/^arrt-uffinities,  is  impressed  with 
its  strong  leaning  to  FniesteJla.  He  says  : — *'  it  is  the  only  species 
of  Pohjpora  that  has  fallen  under  ray  observation  in  this  geological 
period ;  and  its  characters  are  probably  more  analogous  to  those  of 
FmmMi  tiian  are  thoae  of  the  Carboniferoiia  period,  Mypura 
MOipfe  (Hall)  probably  shows  the  first  departure  from  the  character 
of  tme  Fenek^^f.  The  latter  poaition  m*y  now  more  truly  be 
daimed  for  Fenestella  intermedia. 

Localiii/.  Wenlock  Limestone  near  Dudley, 

I  may  observe  that,  in  describing  these  species  of  FaufStella^  I 
have  endeavoured  to  do  so  from  the  best-preserved  specimens 
obtainaUa^  and  that,  aftor  the  examination  <^  some  hnndreda  of 
ezamplea,  I  have  not  succeeded  in  procuring  oil  the  evidence  with 
regard  to  certain  details  of  stmotore  ^at  I  could  wish,  for  instance, 
I  have  no  doubt  that  the  keel  of  F  u^f^tt  Ihi  retepornta  possessed  the 
usual  spiny  apj)ondafre.  As  yet  I  have  not  succeeded  in  tracing  it. 
The  same  remark  will  apply  to  other  details.    A  general  caution  is 
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here  requisite.    The  altered  appearaace  pnesentod  by  a  wom-dowil 

spocimen  of  Fenestella  from  the  Dudley  Limestone  is  very  great ; 
this  will  necessitate  certain  allowancps  when  the  s[)ecies  under  exa- 
minatioQ  arc,  as  is  usually  the  case,  much  weathered  and  denuded* 
TheoeUpi^ertiiieB,  in  good  8peoiiii0iiB,are  small  andromidyaiid^idte 
ihdr  diameter  apart.  When  worn  down,  the  oell-apertnre  is  mxffij 
and  the  intermediate  spaces  between  the  cells  nearly  obliterated  or 
thoy  have  only  tlic  body-wall  between  them.  Again,  in  tho  more 
perfect  examples  the  obverse  face  of  t  lie  interstice  is  full  and  rounded, 
with  a  prominent  keel ;  when  woni  down,  the  sides  of  the  interstice 
have  a  sharp  angular  face — a  great  contrast  to  what  it  bad  been.  In 
the  one  case  the  fenestnilee  may  be  naivow  originally,  and  beoome 
altered  to  wide  by  erosion.  So,  too,  with  the  reverse  face;  in 
FtMtUUa-f^To^'ih.  the  lines  of  construction  give  rise  to  strong 
striations  on  tlie  reverse  side  of  the  jwlyzoary,  which,  however,  in 
the  Silurian  species,  are  seldom  seeUi  as  the  structure  is  generally 
worn  down  and  smooth. 

Gertain  features  wonld  be  oonstaat'  in  the  PenesteUide  (I  aUnde 
to  the  keel,  the  small  cironlar  pore,  and  thestriations  on  the  revane) 
were  it  not  that  they  had  been  worn  away  from  a  variety  of  causes. 

Tt  may  bo  interest ini^  hero  to  compare  polyzoal  life,  so  far  as 
concerns  the  Fenestellidie,  at  the  two  great  horizons  of  ita  growth — • 
the  Silurian  and  Carboniferous,  the  early  and  late  Pakco/.oic.  The 
Lower  Silurian  forms  have  special  interest,  on  account  of  their 
apparent  relationship  with  the  GraptoUtes,  which  they  seem  to  re- 
place in  the  higher  series.    Unfortonately  the  material  available 
for  comparison  is  so  scanty,  and  the  special  organs  so  imperfectly 
preserved,  that  the  affinities  between  the  genera  cannot  well  bo 
ascertained,  at  least  for  the  present.    No  such  reasons,  however, 
exist  to  hinder  the  comparison  between  the  specien  i'uuud  in  the 
Upper  Silurian  Limestone  and  those  of  the  CSaihoniferoiis  limiestone. 
The  result  of  the  comparison  is  that  we  discover  that  the  Siliiriaa 
forms  have  a  distinct  fades  of  their  own,  being  often  more  minute 
in  structural  details  and  altogether  different  in  the  general  outline 
of  their  growth,  at  the  same  tim,e  havin^^  the  true  and  marked 
features  of  /Vut'.sf<'//a-growth.    To  indicate  some  of  the  peculiarities 
of  the  Silurian  Fenestellidse,  I  may  mention  the  strong  conical 
stmotnre,  often  solid  and  slightly  bnlboos  at  the  extreme  point  of 
the  base,  of  FenesUUa  lineata  ;  this  would  seem  to  indicate  a  species 
capable  of  being  firmly  attached  by  its  base,  and  adapted  to  resist 
thi'  action  of  powerful  currents  of  water.    A  glance  at  Lonsdale's 
drawings  of  the  Fenestellida^  will  show  how  frequently  they  were 
possessed  of  this  strong  basal  attachment;  wo  have  nothing, strictly 
speaking,  among  the  Carboniferons  Ibrms  to  compare  with  it,  with 
one  partial  exception — ^tho  J^htutella  membranaeea  (Phil.).   So  it 
comes  to  this,  that  the  strong  conical  base  of  the  SihoLiiBJi  FsneiteUa 
is  now  only  parti  illy  seen  in  one  of  the  Carboniferons  species.  The 
leading  type  in  the  poly/.oary  of  the  Carboniferous  lenestellida^  is 
a  flat  expansion,  slightly  depressed  in  the  centre,  which  formed  its 
point  of  attachment ;  while  numerous  rootlets  from  various  parts  of 
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the  structure,  but  more  especially  from  near  tlio  base,  served  to  secure 
it  in  position,  Tvhich  would  seem  to  have  been  the  sides  of  projectin|» 
rocks  or  suitable  exposures.  Of  these  non-poriferous  rootlets, 
wiaslh  are  quite  a  ftature  in  the  Oarboniferoiu  FenettoUidtt,  and 
BotaUj  io  in  J^\muldla  plMoj  IC'Coy,  we  have  no  trace  whatever 
in  the  Silurian  species.  We  may  notice  the  beginning  of  the  Car- 
boniferous type  of  polyzoarium  in  the  wide  cup-like  «K>ansion  of 
one  of  Lonsdale's  forms,  Retepora  infundihxdum.  The  resem- 
blance here  is  all  the  more  complete,  since  the  poriferous  face  is  on 
the  inside  of  the  polyzoary,  as  in  the  Carbomferons  species.  Again, 
we  may  compare  the  position  of  the  poriferouB  faee.  In  FenmteUa 
lineaia^  a  prominent  and  leading  species  among  the  Silurians,  it  is 
on  the  ontflide  of  the  polyzoarium  ;  in  all  the  Carboniferous  species  it 
is  on  the  inner  side  of  the  same.  So,  too,  we  may  notice  that  the  pre- 
vailing Silurian  species  arc  all  much  smaller  tliaii  the  Carboniferous* 
Uur  knowledge  of  the  cell-character  in  the  ISiluriau  I-hiesUllte  is 
neeamarily  limited;  hot  this  we  may  say,  that  as  yet  no  material 
diffinenoe  has  heen  noticed,  either  as  io  eell-stnictare  or  intenial 
arrangement,  as  compared  with  the  Carboniferous.  The  angular 
knife-edged  character  of  the  interstice  in  Silurian  species,  often 
alluded  to  by  Hall*  and  Lonsdale f  as  a  distinguishing  mark,  is  tlio 
result  of  denuding  agencies;  the  original  condition  may  often  l.e 
seen  by  careful  searching  in  some  fold  or  protected  part  of  the  poly- 
loarimn,  when  it  will  he  seen  that  the  ohrene  foce  was  full  and 
ronndedi  with  projecting  dronlar  pores,  similar  to  the  Carhonif erons 
types. 

There  are,  besides  what  I  have  mentioned,  several  interesting  in- 
dividual features  which  may  bo  not  iced.  For  instance,  in  the  luwc  r 
horizon  of  the  liala  beds  litti^foni  is  abundant  and  i'e/tc^^e//^/ scarce; 
while  in  tiie  Dudley  Limestone  Ihte$tetta  is  abondant  and  Bei^pera 
absent^  so  fiff  as  I  am  aware.  The  interesting  point  here  is  that 
some  of  the  FenestellcB  in  the  Dudley  beds,  in  which  as  yet  wc  havo 
no  record  of  lUtepom  having  been  found,  have  strong  affinities  to 
Beiepora  or,  more  strictly  speaking,  l\>hfpor((,  M'Coy;  for  the  genus 
JPolypora  is  really  the  connecting-link  between  littepora  and 
Fenestdla,  combining,  as  it  docs,  many  of  the  features  of  cither 
group.  It  is  not  too  much  to  say  of  FmusMa  intermedia  that 
these  is  on  the  polyzoary  an  alternate  interchange  of  polyzoal 
features ;  that  on  a  branch  may  be  seen  for  a  short  distance  the 
double  row  of  cells  divided  by  the  customary'  keel,  succeeded  by 
three  rows  of  cells  and  no  keel  strictly  speaking ;  this  interchange 
of  character  is  persistent  over  the  expansion.  Thus  we  havo  here 
t}^ical  Fenetima  and  i^fplBal  Polypora^  not  only  on  one  branch,  bnt 
on  the  wholsH-an  alternation  of  character,  Fenestdla  and  Pofypora, 
that,  to  say  the  least,  is  very  interesting,  as  showing  the  connexion 
between  Retejtorrt  and  Ft'tusti  lla.  I  have  not  mot  with  any  like 
features  among  the  Carboniferous  species,  and  therefore  conclude 
that  they  are  confined  to  the  Silurian  t}'x>es. 

Another  species  having  evident  affinities  with  ReUpora^  even  more 
•  HaU*a  Fal.  New  York,  vol.  ii.  p.  fiO.  t  Mureh.  8iL  Syst.  p.  678. 
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marked  thau  the  preceding,  is  the  species  I  hare  deecribod  as 
Hmmleaa  rtttpomku  In  tiM  and  onliliiw  tt»  wpmAm  li  decidedLy 
JteUpom  in  ohAiaoter.  It  has  none  of  tli6ttni|^t  Hum  and  gentral 
vnifonnity  ol  siaraotiire  which  are  le  eluoaeteristic  a  featiue  ef  the 

Fenostelliflse.  Instead  of  this  we  have  irregular  interstices,  and 
fenestriilf'S  of  {Ul  shapes.  Tho  dissepiments,  however,  show  most 
markedly  the  character  of  Rttepora.  Not  on  all,  but  on  some  of 
them,  it  is  most  difftcolt  to  distinguish  between  the  dissepimout  and 
intentioe,  so  near  do  they  approaeh  in  diaraefcer  the  anaatoBoaiB  of 
the  branch,  which  is  tho  distinguishing  ftatnxe  in  ReUpwrcu  The 
likeness  is  further  assisted  by  the  occurrenoe  here  and  there  of  cells 
on  the  dissepiments.  These  latter  features  are  not  so  marked  or 
persistent  as  to  cause  any  doubt  as  to  its  \mm^  a  true  Fenestella, 
while  they  indicate  clearly  the  direction  whence  the  disturbing  in- 
fluence eame. 

I  desire  to  express  my  oUigat&xns  to  Fko&ssor  Hn^isa  ef  Cam-* 
bridge,  and  also  to  the  officers  ol  the  Geological  Society,  ior  Bnoh 
assistanoe  in  examining  the  type  spedaiena  luoder  their  ehaig*. 


XXPLAFATION  OF  PLATS  ZI. 

Fig.  1.  Fetiesiella  rctc^orata,  Shrubeole.   A  •peoimen  of  the  natural  sice  in  the 
Woodwardian  Museam,  Oamhriclge. 

1  a.  Obvorsr  vimv,  X  12  diaiiiotrrs. 
1  b.  E^vertH?  view,  x  12  diameters. 

1  e.  Ring  of  pits,  within  oell-mouth. 

2.  FeiKsfilla  Ivnafa,  Shrubaolei.   Portion  of  obrerse  ntr&oSb  X  I3dia- 
met<*r8.    Chily  partially  weathered  from  matrix* 

2  a.  Reverse  face,  x  12  diameters. 

&  FcnrsfcUa  intermedia,  ShndiKda.   Rrom  tho  oabiaet  of  0.  JL  MoitOBi 
F.G.S.    rortlon  of  obverse  surfiMWi  X  12  dismsten* 

3  a.  Reverse  face,  X  12  diameters. 

Discussion. 

The  PBismmn  remarke<l  upon  the  value  of  this  conunnnioation, 

and  upon  the  service  done  l)y  the  author  in  reducing  the  number  of 
hupi)used  species  of  Polyzoa  in  the  Carboniferoas  and  Upper  Silurian 
rocks. 
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J  17.  On  <Ae  GaoLOOiOAL  BaLiTioirB  0/  tA«  Boan  ^  |A«  Bomcs  09 
iBBLuri)  to  ^km  o/NoBXS  Bbtov  and  other  Briikk  mid  OonH- 
nmUd  DktricU,  By  Proleeaor  Bdwaso  HviX|  H^.,  IXJ)., 
&0.,  IMiector  of  the  Oedogical  Sorvi^  of  Iielaiid. 
(Bead  HskqIi  10, 1880.) 

I.  LiTRODCCTIOy. 

Hating  in  a  former  communication  to  this  Society*  endeavoured  to 
prove  that  the  great  series  of  purple  and  preen  ^ts  aud  slates 
which  form  the  southern  highlands  of  Ireland  belong  to  the  Upper- 
most  Silurian  period,  and  that  Mween  them  and  the  succeeding 
beds  ef  ihe  Old  Red  Sandatone  theve  oeeon  eveiywhare  a  wide 
hiiitns  (a  gap  of  unrepresented  geological  time),  iniUcated  not  ouly 
by  visible  unconformities  but  abo  by  absence  of  intervening  beds  at 
various  points,  it  now  becomes  desirable  to  inquire,  and,  if  pos- 
sible, to  determine  what  formations  in  other  districts  may  bo  sup- 
posed to  fill  up  the  hiatus  above  referred  to,  and  then,  having  de- 
termined this  point,  to  tee  what  Inferenoei  may  be  tewn  oonoem- 
ing  the  physical  gedogy  ol  the  xegions  referred  to  at  the  various 
stages  indioated  both  by  the  pnsenoe  and  the  abflenoe  of  ooii8eeatiT6 
strata. 

This  inquiry  naturally  leads  one  to  cast  a  glance  at  the  neigh- 
bouring cofists  of  England  and  Wales  as  the  districts  where  light 
may  be  looked  for  on  these  questions ;  and  I  propose  in  the  follow- 
ing pages  to  make  a  oomparison  of  the  seriea  of  beds  in  both  coon- 
tries,  namsly  the  South  of  Ireland  and  North  Devon,  and  a^eining 
^istriflts  north  of  the  Severn  t.  It  will  also  bo  desirable,  with  a 
view  to  a  fuller  investigation,  to  refer,  when  neeossary,to  the  Devo- 
nian and  CiirbonifiTous  beiies  us  it  occurs  in  l5olgiuni  and  Scotland, 
and  to  see  how  far  it  is  comparablo  with,  and  sustains  uur  observa- 
tions of,  Uie  Beraihire  seedoo. 

Viem  ofj»revious  AiUhon* 

Pret'io^'f!  Iiivesli(fnt!mfi. — Tt  is  almost  unnecessary  for  me  to  ob- 
serve that  there  are  few  districts  of  the  British  Isles  which  have 
received  more  careful  scrutiny,  and  are  the  subjects  of  moro  elabo-, 
rate  memoirs,  than  those  of  North  Devon  and  West  Somersetshire^ 
and  I  am  therefore  happily  reUeved  from  the  neosssity  of  any  at* 
tempt  at  lengthened  descripdom.  The  gcologicid  literature  of  the 
distriet  has  been  oarefuUy  anmmariaed  by  Mr.  Etheridge  in  his- 

*  **0n  the  Geological  Age  of  the  Kocks  forming  the  Soathern  ffif^ilands  of 
Ireland,  generally  known  m  the  Dingle  Be<l9  and  Glengariff  Grits  atid  Slates," 
<iuart.  Joura.  Oeol.  Soe.  vol.  xxzv.  p.  GOD  ( 1 87U).  I  find  that  Prof.  Kalph  Tate 
■tatM,  with  1IIIM&  ineeiaioa,  that  oie  Dingle  beds  are  the  equivalente  of  the 
"Tilestonee  of  Eng£»nd,  South  Wales,"  i^r.  (  IliVforicul  Oeol()gv,'Weale*s«eri«a, 
p.  72).  I  WBfl  luiaware  of  ihi«  when  my  I'oriuer  paper  waa  publiahed. 
.  t  I  confine  my  obeervationa  to  North  Bsfon,  as  it  fociMhes  ttie  ksy  to  tho 
•tmolan  of  8ooth  Deroa  and  s4)oiiiiiig  parts. 
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elaborate  paper  On  fhe  Physical  Sfcraotuie  of  West  Somenet  and 
North  Devon"*,  from  which  I  shall  have  occasion  to  quote  rather 
frequently ;  and  the  reader  may  be  referred  to  it  for  an  account  of 
what  others  hnve  done  in  this  field  of  inquiry.  This  paper  lenders 
any  attempt  of  the  same  kind  altogether  useless. 

It  is  also  scarcely  necessary  for  mo  to  do  more  than  to  alludo  to 
the  oontroversy  whieh  called  forth  Ifr.  Etheridge's  ezhaoatiT'e 
paper.  We  aU  reooUeot  with  what  ardour  and  aUlity  my  Inend 
and  predecessor,  the  late  twtmmt  Jnkea,  endeaTonred  (as  we  may 
pny)  to  obliterate  the  prent  fjronp  of  marine  beds  established  by 
3^liirchison  and  Sedgwick  under  tlio  name  of  Devonian  "  from  oflf 
the  geological  map  of  the  British  Isles  and  of  Western  Europe.  If 
success  had  been  possible^  he  ovgki  fo  Aows  tueesedtd ;  hut  for  myself, 
I  f&eL  satisfied  that  saeoess  was  imposaihle,  beeanse  the  evidenoe, 
both  physical  and  palsBontological,  in  favour  of  the  views  of  the 
founders  of  the  "  Devonian  System  "  is  overwhelming ;  and  if  any 
doubt  on  this  point  remained  after  Professor  Jukes's  papers  had  seen 
tho  light,  it  has  been  completely  removed  by  the  essay  of  Mr. 
£theridge,  supplemented,  in  the  same  volume  of  our  Journal,  by 
that  of  a  oai^tal  and  aceorate  observer,  who  for  years  had  studied 
these  rooks  on  the  spot,  Mr.  Townshend  H.  HaUf.  A  recent  visit 
to  the  district  confirms  me  in  the  belief  that  between  the  "F<m]aod 
Grits  "  and  the  Carboniferous  Limestone  there  is  a  great  and  con- 
secutive series  of  marine  Leds,  and  that  it  is  comparable  (with  cer- 
tain modifications)  to  the  Belgian  section  of  the  same  rocks. 

II.  SxAxnmn  of  ihb  oasb. 

Perhaps  the  simplest  way  of  presenting  my  subject  will  be  to 

state  the  case  in  a  series  of  separate  propositions  or  theses,  and  then 
to  oflfer  for  consideration  tho  evidence  upon  which  they  are  based. 
Considered  in  the  order  in  which  I  propose  to  treat  them^  they  may 
thus  be  stated. 

First,  Having,  in  the  paper  already  referred  to,  shown  that 
between  the  Glengariff  grits  and  slates  (which,  for  bievity,  I  shall 

henceforth  call  *'  the  Glengariff  beds  ")  and  the  succeeding  forma- 
tions, cither  of  Old  Ked  Sandstone  or  Carboniferous  ago,  there  is  a 
wide  hiatus  of  unrepresented  time,  I  sliall  endeavour  to  show  that 
this  is  tilled  up  in  the  south  and  south-west  of  England  and  in  Bel- 
gium by  tho  great  series  known  as  the  Middle "  and  '*  Lower 
Beronlsn  "  beds,  lying  b^ween  *^  the  Foreland  Grits"  on  the  one 
hand,  and  "the  ?i(iwdl-Down  SandstxDue  "  on  the  other. 

SccomUt/.  That,  consequently,  while  a  deep  sea  in  which  WSTO 
deposited  the  Middle  and  Lower  Devonian  beds  overspread  the 
south  of  England  and  adjoining  coutiuentnl  areas,  land  conditions 
prevailed  in  the  south  of  Ireland  during  tho  same  period. 

*  Quart.  Tourii.  Geol.  Soc.  vol.  rxiii.  p.  TiCy^. 

t  "  Ou  the  BelAtive  Distribution  of  FosuIb  iu  the  North-DcTon  Series."  In 
a  recent  jomt  paper  by  Heaars.  Ohuapemowne  andUaeher, "  On  three  traTcrsed 
made  in  Xcji  th  Deroo,"  they  stale  that  thtir  obsemtioos  go  to  oooBmi  Mr. 
Etheridge'e  views. 
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ThinJhj.  I  shall  offer  some  ohforvations  on  the  points  of  analopy 
and  contrast  between  the  Old  lied  Sandstone  of  the  JSouth  of  Ireland 
and  its  lenreBeniatiTes  in  North  Beroo,  Belgium,  and  Scotland. 

FmrOwy,   I  shaU  endeavonr  to  show  ^o  tnie  position  in  the 

region  of  "  Siluria  "  of  the  Old  Bed  Sandstone  on  the  one  hand,  and 
the  equivalents  of  the  Glcnpariff  beds  on  the  otlicr,  and  indicate  the 
geological  position  of  the  "  Cornstonc  "  group  in  the  PeTonian  seiieSi 
and  conclude  with  some  general  observ  ations. 

m.  CiBBOHinEROim  urn  Oio  Ban  SsBin. 

Deteendmg  Stries  in  the  South  of  Ireland  andN,  Devon. — In  older 
to  prepaio  the  way  for  the  conaideration  of  the  first  thesis,  it  ia 

neccssar)-  to  give  a  brief  description  of  the  descending  scries  imme- 
diately underlying  the  Carboniferous  Limestone  in  the  districts  of 
the  South  of  Ireland  and  North  Devon,  and  by  comparing  them 
together  to  obtain  a  clear  idea  of  the  position  of  the  hiatus  as 
it  occurs  in  the  former  district.  In  this  comparison  my  views  are 
happily  in  unison  witii  those  of  the  late  Professor  Jnkea*,  the  late 
If r.  Salterf,  and  (I  belieTO  I  may  also  saj)  of  Hr.  Champemowne, 
F.G.S.,  who  has  devoted  so  much  time  to  Ae  study  of  the  rocks  of 
Devonshire  The  only  objections  which  can  with  any  plausibility 
be  urged  are  those  based  on  the  occurrence  of  fossils  in  the  one 
district  not  found  in  the  otlier  ;  but  all  such  objections  seem  to  mo 
to  disappear  when  the  important  differences  which  were  prevalent 
in  the  physical  geography  of  these  districts  respectively  are  taken 
into  consideration. 

The  descending  scries  of  beds  below  the  Carboniferous  Limestone 
in  both  districts  having  been  frequently  and  fully  described,  only  a 
brief  summar}-  is  here  necessary.  I  shall  commence  with  that  in 
the  South  of  Ireland. 

Descending  Series,  South  of  Ireland. 

Carhoniferoftn  Limeifnnr.     Coralline,  crinoidnl,   and   shelly  liflMStoiM; 

■ometimea  cleared  (thiunicgtowardti  the  south-west). 
(kuiomiferous  8UUe  {top  bed»).   Blaelc  tlafte  with  caleareous  bands  full  of 

ffv«!siln  (2).    Black  and  prey  slate,  with  few  fojisils  (1). 
C'oomkola  Or  it.    Grey  and  oiive-greea  slateB  and  tiles  with  fine-grained 

hard  ^cj  grits,  with  marine  snellt  and  some  plants  the  whole  naTing 

a  niuximum  thickness  iu  Co.  Cork  of  5000  fpet§. 
Old  Med  Sandstone  \\.    (a)  '*Kiltoroaa  beds;"  fine-grained,  yeUowiah, 


*  *'0n  the  Carboniferous  Slate,"  &c.,  Quart.  Joum.  GeoL  Soc.  vol.  xxii. 
^  348.  &c.  t  JM  Tol.  six.  p.  474. 

♦  "  Tlie  Devonian  Question,"  Geol.  Mag.  Mweh  1879, 

{Jukes  and  Qeikie,  Man.  Geol.  p.  586. 
The  Old  Bed  Sandstone  with  tlie  Kiltoivaa  beds  at  the  top  and  the  oon- 
glomerate  at  the  base  is  the  "  Ujipor  Old  lied  Sandstone"  of  Scottish  geolo- 
gists, which  "graduates  upwards  into  the  Lower  Carboniferous  Sandatones,"  as 
■Uted  by  ProfeeM>r  Oeikie  ("  The  Old  Red  Sandstone  of  Western  Europe," 
Trans.  Boy.  Soc.  Edinb.  voL  xzriii.)  ;  the  "Lower  Old  Red  Sandatone  and  Con.- 
glomerates"  of  JLesuiahago  and  the  Pentlands  is  doubtlew  the  representatiTe 
of  the  Glengarifl'  or  Dingle  beds,  as  suggested  by  Prof.  Geikie  \  but  the  quee- 
tian  renwiii%  Are  thej  not  reallj  of  nppennoit  Buorian  age? 
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reeniah,  and  reddkh  aaodBtonee  mA  ihales,  with  fish  (^Ad^ol^piB, 

\otkriolfpi»,  Gtt/pfolepis,   Coccosiew,  and   Pferichfht/s),  also 


dowa  into  mossiye  reddish  brown  and  purple  soft  saadttone  with  • 


ooQgkmwrate  iNM^  Om  wlutto  about  aoOU  leet  Uu4^ 

Tbe  basal  congbmarate  of  the  Old  Ked  Sanditone  is  everywhan 

unconformable  to  the  rocka  on  which  it  rests  over  the  South  of  Ire- 
land, as  frequently  insisted  on  by  the  late  Sir  R.  Griffith f.  This 
unconformity  is  ofjually  conspicuous,  whether  it  refers  to  the  eon- 
tact  of  the  conglomerate  with  tho  Uppermost  Silurian  beds  in  the 
promontory  of  Dingle,  or  to  the  Lower  Silnzian  beds  of  the  Gome- 
ragh  or  Oaltoe  Mountaiiia.  On  the  other  hand,  aU  the  beds  from  tlds 
conglomerate  upwards  into  the  Carboniferous  Limestone  are  appa- 
rently in  perfect  conformity  with  each  other,  notwithstanding  the 
change  from  the  a])parcntly  fresliwator  "  Kiltorcan  beds"  into  tho 
marine  " Coomhola-(rrit  series''  which  succeeds  to  them.  Tho 
hiatus  in  the  South  of  Ireland  is  therefore  at  the  base  of  the  Old  Eed 
Conglomerato. 

lY.  DiTIfllON  BETKKBM  TRB  CARTlOXIFEROUfi  AITO  OjJ>  H&D  SaJTSSIOVS 

PoRMATIOKS. 

A  recent  author  has  included  the  Old  Red  Sandstone  of  the  south 
of  Ireland  in  the  Carboniferous  group,  on  the  ground  that  "  in  no 
plaoe  in  Ireland  baa  it  a  defined  upper  boundary,  one  group  gradu- 
ating into  the  other"^  Altkongh  this  view  ilndB  some  support,  if 
the  purely  stratigraphical  relations  of  the  two  series  alone  be  re- 
garded, yet  it  seems  to  be  untenable  upon  paltcontological  .and  phy- 
sical considerations,  to  which  sufficient  weight  has  not  been  allowed 
by  tho  author  above  (]uoted.  In  the  first  place,  the  occurrence  of 
Anodonia,  together  with  the  absence  of  any  traces  of  marine  organ- 
i8nu^  seems  to  point  oondoBiTely  to  the  lacustrine  origin  of  the  npper 
beds  at  least  Eiltoroan  beds  ^  of  the  Old  Red  Sandstone ;  on  the 
other  hand,  the  moment  we  pass  upwards  into  the  slates  and  grits 
of  the  overlying  "  Coomhola  penes,"  we  are  met  by  abundant  evi- 
dences of  the  prevalence  of  marine  conditions  in  the  occurrence  of 
such  genera  as  AvicuUx^  CWmZ/ow,  Modiola^  MytiluSf  lihynchonelJa^ 
and  Spirifera^  and  other  forms  wfaidh  oonneot  tiiese  beds  with  the 
Garboniferons  system. 

Again,  the  occurrence  in  the  Kiltorcan  beds  of  the  remains  of  fish, 
belonging  to  recognized  Old  Red  Sandstone  forms,  both  in  Scotland 
and  elsewhere,  such  as  Asterolepis,  BoOiriohjus,  Ghjptolepis,  C'jrco- 
slt'Ks,  and  Ptt  richt/n/s^  none  of  which  ascend  into  the  Carlwniforous 
series  of  other  districts,  or  into  the  Carboniferous-Slate  series  of 
Ireland,  places  the  relations  of  these  beds  to  the  Old  Bed  Sandstone 
beyond  question.   In  fietct,  it  is  abundantly  clear  that  lacustrine 

*  Thia  great  conglomerate  ia  well  Bhown  in  tiie  banka  of  tiM  river  Buir  at 

Wnterfonl,  nnd  1ht>  escarpments  of  the  Comeragh  Mountains  in  Co.  Wafer- 
ford,  and  of  Cahcr-con-ree  in  tbn  Dingle  promontory.  iSee  Section  I.  sheet  13, 
of  the  Seotioni  of  the  Oeol.  9nrr.  Ireland,  fto. ;  alao  Jukes,  Quart  Joum.  6eoL 
8oc.  vol.  xxii.  p.  ',y2^.  t  .Tourn.  OeoL  Soo.  DubL  toL  Tiii.yiwijw. 

4  Kioohanf  *  QeoLogf  of  Ireland,'  p.  iiii. 
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oonditions  prevailed  over  the  area  of  the  South  of  Ireland  during  the 
depoeition  of  these  beds,  niid  that  thus  by  their  fossils  and  physical 
relations  they  correspond  with  the  deposits  of  those  great  inland 
lakes  which  modem  geologists,  such  aa  Mr.  Godwin- Austen  and 
IMbmov  Baaisay,  regard  at  fhe  badas  of  deposit  for  ihe  (M  Bed 
Sandstone*. 

This  distinction  between  the  lacustrine  fauna  of  the  Old  Bed 
Sandstone  and  the  marine  fauna  of  the  succeeding  beds  has  been 
noticed  by  Prof.  Haughton  as  well  as  Mr.  Baily,  and  my  late  col- 
leagues Messrs.  Jukes  and  Salter.  It  seems  to  me  that  in  this  di- 
atinoliaii  wa  hasva  a  weilfdaiBad  gnmnd  of  danifleaiknk,  wkkb  ia 
also  oononnreni  witb  di^ifc,  but  dcmnito,  diatinatioBa  in  the  litholo- 
gicai  eharaoten  of  the  beds  themselves  over  oonsidenUa  areas. 

In  accordance,  therefore,  with  the  above  \"iewfl  supportod  by  so 
strong  a  body  of  evidence,  I  shall  continue  to  regard  the  line  of 
division  between  the  Old  lied  Sandstone  and  the  Carboniferous 
series  aa  traceable  at  the  base  of  the  Coomhola-grit  series,  or  at 
tbe  top  of  the  Kflbkroan  hada  with  AmtdMiia  and  BaikuipUrit,  tttm 
these  premises  I  now  pan  on  to  desoriba  briefly  tha  oorreaponduig 
aatiaa  in  North  Davon,  aa  geaeffaUy  reoogniaed. 

y.  DHciimDra  Snon,  Nous  Dsvov  ahu  W.  floOTBm.t 

(Carboniferoiis  and  Upper  Devooiaii.) 

Caihoiiifiifim»  lAmulonw,  (BaDnQuny.)  Bark  ettrdQr  eirtoiiieeoas  lime- 
stone in  regular  beda  {Posidonomya  BicJu  rf). 

Carboniferous- Slate  Series,  ^nrnstaple  beds.)  Top  beds,  dark  schisU 
(contorted )  resting  on  hght-grey  slates,  with  calcareous  nodules. 
Cyaihocrinus  distam  &c.  seen  at  &imstaple  station. 

'*  Pilftm  beds"  (Phillips).  Slatrs  of  a  purpli)<h  or  greyish  tint,  Brarhio- 
pods,  crinoidal  stems,  aud  a  small  Criistacmn  {PAacops  UUifrons)  \  thin 
iiitormittont  bands  of  limestone  ave  oomnum,  and  are  bi|^  fosBli> 

fori)U9  \. 

•* CW»iA»a-«ono "  (Hall),  also  called  "Marwood  Beds",  bv  Jukes  and 
(Mftsr.  light  grey  aad  olive-green  slates  with  bands  of  hard  erit,  and 
calcareo-forruginoua beds  with  three sj^ecies  of  Cucullaa.  ThesaDedaara 
shown  in  the  railway-cutting  north  ot  Brauuton  Church. 

Beloir  tile  above  are  found  (east  of  the  village  of  Upcot)  j^ellowish  and 
grporuHli  flriga  and  shales,  passing  downwards  into  pur|il.<  sandy  slialfs 
and  grits^  aomefcimee  of  a  pale  green  oolour,  aimiJar  in  appearance  to 
the  **  BSttoroaa  beda.** 

** Pickwell-Down  Sandstone'*  Purple  and  red  sandstones  with  thio  shalj 
bands  in  the  upper  part ;  greyish  erits,  sometimes  massive,  with  thia 
shaly  bands,  in  tne  lower ;  no  foeails :  the  bands  of  shale,  though  ro- 
qnmng  to  be  nMutioned,  are  qnite  nnimportant> 


•  R.  Godwin-Austen,  Quart.  Joum.  Qeol.  Soc.  vol.  xii.  p.  51  ;  Prof.  A.  C 
Ramsay,  ibid.  vol.  xxvii.  p.  24i} ;  Prof.  (Jeikie,  Trans.  Boy.  Soc.  Ediub.  vol.  xiviii. 
part  1. 

:  t  Descriptions  of  thew  beds  will  be  found  in  the  writings  of  several  niitliors; 
but  I  give  those  written  down  bv  mvself  during  juy  visit  in  the  autumn  of 
1879,  under  the  friendlj  guidance  of  %lr.  Townshend  Hall  and  Mr.  Usaher. 

•  I  Hall,  Quart,  Jouni.  Qeol.  S(k-.  \o1.  \xiii.  .'{71.  According  to  this  author, 
the  Pilton  beds  form  the  uppvrmust  member  of  the  Devonian  scries.  This  view 
was  abo  maintained  by  the  we  Mr.  Salter,  who,  howerer;  reoognized  the  preeenoa 
of  (tome  forms  found  in  the  Lower  OarbOniferous  feries  of  the  8.  of  Izeland 
{ibid.  ToL  xii.  p.  482). 
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That  Oie   Pllton  "  and    tHieiiniM-''  or   Harwood  "  beds  am  ihe 

equivalents  of  the  "  Coomhola  grits  and  slates  "  of  the  South  of 
Ireland,  and  therefore  (as  shown  alx)ve)  of  I/)wcr  Carboniferous 
age,  is  evijiccd  by  a  community  of  species  to  a  larj^e  extent.  Of  these 
the  following  luive  been  kindly  determined  for  me  by  Mr.  Bail}', 
F.G.S.,  from  the  collections  of  the  Irish  Geological  Survey : — 

Sptda  common  to  the  Pilion  and  Marwood  beds  of  Devonskir$,  and 
to  the  Coomhola  beds  of  the  SotUh  of  Irelaiul. 

Brachiopoda :  CfhomUs  hardrensis,  Rhynchonella  pUurodon^ 
Strepiorhynchus  crenistria^  Strophomcna  rhomhoidalis,  var.  aniologd^ 
Prodnctus  iicahriculm,  Spirifer  LVi/,  LinguJa  squamiformis, 

Conchifcra :  Cucullmi  Hard'uiyii^  C,  trttpezimif  C.  amygdalina^ 
Avieida  dicmnonienM* 

Tlie  great  majority  of  the  forms  range  ap  Into  the  CarbonifinwoB 
Slate,  and  some  into  the  Carboniferous  Limestone,  and  clearly  prove 
the  strong  Carboniferous,  rather  than  Devonian,  affinities  ol  the  Piltoa 
and  Harwood  bods. 

YI.  BbLATIONS  BBTWEIir  TBM  lUBS  ASB  DXTOSBHIBB  SmUOHS. 

Having  thus  far  described  the  general  descending  series  of  boQi 
distriets,  it  is  necessary  to  pause  at  this  point,  because  the  analogy 

between  the  two  scries  here  ceases  altogether ;  for,  as  I  believe, 

and  as  I  hope  to  be  able  to  demonstrate,  the  underlying  ^riddle  and 
Ix)wcr  Devonian  scries  of  Devonshire  is  entirely  unrepresented  in 
the  Irish  area,  nor  do  wc  again  y)egin  to  correlate  the  beds  till  wo 
arrive  at  the  bu^iemeut  formation  of  all,  namely,  The  Foreland 
Beds." 

With  regard,  however,  to  the  series  above  deooribed,  there  is  a  re- 

tnarkableconcurrenoe  of  opinion  between  the  most  eminent  geologists 
who  have  made  the  comparison,  that  nil  the  beds  from  the  base  of 
the  Carboniferous  Limei^tone  down  to  the  top  of  the  l*ickweU-Down 
Sandstone  are  representatives  of  the  Lower  Carboniferous  Slate  and 
Coomhola  grit  of  the  South  of  Ireland. 

This  yiow  was  dearly  put  forward  by  the  Her.  Dr.  Haog^ton, 
F.R.S.,  as  far  back  as  1855,  in  a  paper  read  before  the  Qeologioal 
Society  of  Dublin*,  and  was  laid  down  and  defended,  both  on  strati- 
graphical  and  palajontological  grounds,  l)y  the  late  Mr.  Salter  in  the 
year  l^<)3t.  Mr.  Salter  shows  that,  while  the  Carboniferous  Slate 
and  Barnstaple  beds  are  characterized  essentially  by  Carboniferous 
forms,  the  Klton  and  Marwood  beds  (CfiotZZtta-zone)  contain  soma 
Upper  DoTonian  forms,  many  of  whidi  are  fonnd  in  the  Ooomhola- 
grit  series  of  the  Co.  Cork. 

The  correlation  thus  established  by  Haughton  and  Salter  is,  in 
the  main,  the  same  as  that  subsequently  adopted  by  Jukes  ^  and 

*  *'  Oil  tho  E\  ideiiro  afTonlcd  bv  Fossil  Plant«  as  to  the  boundary  line  bet iresn 
the  Devonian  and  Carboniferous  kocks,"  Journ.  GooL  Soa  DubL  toI.  vi.  p.  2S7* 

t  *'0n  the  Upper  Old  Red  Sandstone  and  Upper  DeToniui  Bocks,"  Qosrt 
Jonrn.  Geol.  See.  vol.  xix.  pp^  488  ASt 

\  HuprlL  cit,  p.  345  et  aeq. 
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Ethttidge*.  Both  ol  theie  antlion  agree  in  oomtideriiig  the 
Bainitaple,  Pilton,  and  Baggy  (or  Marwood)  beds  as  on  the  same 

general  geological  horizon  as  the  Carboniferous  Slate  and  Coomhola 
Grit,  and,  moreover,  the  Pickwell-Down  Sandstone  as  the  represen- 
tative of  the  (Upper)  Old  Hod  Sandstone  of  the  South  of  Ireland. 
Per  my  own  part,  I  think  it  is  impossible  to  come  to  any  other  con- 
olniloii  fiQiii  a  woaideration  both  of  idifiir  afaratigraphical  position, 
their  lithologioal  oonstitataoii,  and  the  oigamamB  they  respeetiTely 
oontain.  Considering  the  geographical  distance  between  the  south- 
west of  Cork,  in  which  the  Coomhola  beds  are  most  fully  developed, 
and  North  Devon,  the  general  similarity  on  all  these  points  is  re- 
markably striking,  and  the  diJQferences  are  only  such  as  might  be 
expected  to  arise  oyer  traots  of  similar  extent  at  the  present  day. 

The  points  of  greateit  difiiarenoe  between  the  ihnnas  of  the  two 
areas  seem  to  be,  first,  the  occurrence  of  a  few  Upper  Devonian 
species  peculiar  to  the  Pilton  beds,  such  as  Phacops  Jattfrons,  not 
found  in  Ireland  ;  and,  secondly,  the  occurrence  of  the  lacustrine  or 
freshwater  Anodonta  Jukesii^  which  has  not  yet  been  found  in  Devon- 
shire, in  the  upper  part  of  the  Old  lied  Sandstone  in  Ireland. 

(1)  At  the  time  when  it  was  supposed  that  theie  was  *'  an  vnbroken 
sequence  "  from  the  Olengariff  beds  of  the  Sonth  of  Ireland  into  the 
Coomhoila  grit  and  Carboniferous  Slate,  and  that  the  GlengarifT  beds 
were  the  representatives  of  the  Middle  and  Lower  Devonian  series  f, 
it  was  very  difficult  indeed,  if  not  impossible,  to  account  for  many 
of  the  palaK)ntological  distinctions  between  the  Upper  Devonian  beds 
of  North  Devon  and  the  Lower  Carboniferous  beds  of  the  South  of 
Ireland ;  bnt  when  it  is  known  that  (as  I  have  endeayoured  to  proye 
in  the  paper  already  referred  tot)  there  is  everywhere  a  great 
hiatus  between  the  Glengariff  beds  and  the  succeeding  series,  whether 
Old  Red  or  Carboniferous  in  Ireland,  while  there  is  a  continuous 
ascending  series  in  Devonshire,  the  causes  of  these  differences  at 
once  become  apparent.  In  Devonshire,  many  of  the  species  belonging 
ta  the  (so-oaUed)  Upper  Beyonian  (Pilton  beds)  eome  up  from  the 
underlying  Middle  Devonian  beds,  having  migrated  for  some  distance 
eastwards  or  southwards,  and  undergone  modification  of  form  during 
the  stage  of  the  Pickwell-Down  Sandj^tono,  and  then  returned  when 
the  conditions  became  favourable  for  their  sustenance  and  vitality. 
But  no  such  ascent  was  possible  in  the  Irish  area,  and  all  the  .species 
(about  47  out  of  56)  which  are  found  in  the  Lower  Carboniferous 
beds  of  Ireland  and  in  those  of  the  Upper  Devonian "  beds  of 
Devonshire  were  derived  by  migration  from  the  Devonshire  area. 
The  general  conclusion  from  all  this  is  that  we  must  eliminate  the 
Ifarwood  and  Pilton  beds  from  the  Upper  Devonian^and  place  them 
in  the  T^wer  Carboniferous  series. 

(2)  The  occurrence  of  Anodonta,  Certain  strata  lying  just  below 
the  **  OueuUcBa-tone"  and  above  the  Picikwell-Bown  Sandstones, 
similar  in  appearance,  as  well  as  in  position,  to  the  Kiltorcan  beds  of 
the  Sonth  of  Ireland,  may  possibly  yet  be  found  to  yield  this  re- 

*  Suprh  cit.  table  xii.  p.  G98.  t  See  Ahoidge's  faOilff,  toe,  eii. 

X  Qnvt.  Jown.  CtooL  Boo.  toL  ssv.  p.  609* 
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markable  freshwater  mnssel.    Up  to  Hat  tiflM,  kibWBvmr,  ili  kit  mH 

been  discovered  in  Devonshire*. 

This  is  not  surprising  when  the  relations  of  the  strat^i  in  each  dis<- 
trict  are  considered.  In  the  iiktuth  of  Ireland  the  Old  Ked  Sandstone 
deposited  aloBg  the  abpet  of  tnWdfaiglaadBt,  giving  rise  to  tlie  M 
of  shingle  now  forming  its  conglomerate  Iwie,  was  fayouraUj  ritnated 
for  the  formation  of  lucustrine  conditions.  The  formation  is  in  nil 
probability  the  deposit  of  n  Inko.  the  waters  of  whioh  were  inhabited 
by  the  peculiar  fishes  of  tlie  period  as  well  as  by  this  largt;  freshwater 
mussel.  It  may  have  been  otherwise,  however,  with  the  represen- 
tative  beds  in  the  Deronian  ana.  Ilie  PiekweU-Bown  Sandstone 
u  here  undeilam,  aa  well  as  oirerlaiii,  by  eaaentially  maiiM 
beds,  those  of  Ilfraoombe  and  Mortehoe  t ;  and  it  is  possible  that  the 
lrtcn>itrino  conditions  of  the  Soutli  of  Ireland  gave  place  to  marine  con- 
ditions over  the  Devonian  area  during  the  same  time.  This  view 
finds  support  in  the  fact  (which  I  will  again  advert  to)  that  the  re- 
presentative beds  in  Belgium  (Fsammitos  du  Condroz)  contain  marine 
loasOa. 

(3)  It  wiH  now  be  apparent  why  the  Pickwell-BowA  Saadfltme) 

though  the  representative  of  the  Old  Red  OoBg^kmente  of  the  South 
of  Ireland,  is  not  itself  a  conglomerate*.  The  conglomerate  of  Ireland 
was  formed  along  the  flanks,  and  over  the  edgcfi,  of  older  uncon- 
formable beds ;  but  thia  was  not  so  in  the  case  of  its  representative. 
Henoe  the  difeoiee  d  mode  of  aoBoaiiilation  and  in  oompoBitioa. 
Eedueed  to  a  tabohifeed  fbnii,then,  itmay  be  taken  aa  generally  agreed 
that  the  following  are  the  representative  beds  of  the  Lower  Carboni- 
femm  andUpper  Devonian,  or  Old  Bed  Sandstone,  in  eaoh  diitriot^*• 

SepretaUative  Bidi. 

/Carboniferous  Limestoneu       CiirlvmifcrouH  LimeitOM. 
Lower  Carboni-  j  Carboniferotis  Slate.  ^^^^iPilf^*' 
feroua  beds.    ^  Coomhola  Grit  and  Slate      J  252?      J  nr  wji« 

Old  Bed  Sand-  f  Kiltorcan  beds.  TTpcot  beds  ? 

VII.  MxBDKB  Ami  LowHR  DwrosuM  Bbm. 

The  great  series  of  marine  fossilifenras  strata  whioh  nnderlies  the 
Pidcwell-Down  Sandstone  in  North  Devon,  and  constltntes  **tiie 
Middle  and  Lower  Devonian  "  scries  of  Sedgwick  and  Murchison  § 
not  being  represented  (except  perhaps  in  its  lowest  part)  in  the 

*  Anodonia  has  been  found  in  Northumberland  by  Mr.  Lcbour,  F.G.S.,  in 
beds  probibl/  corresponding  in  position  to  the  Kiltcmsan  beds  of  the  South  of 
Ireland. 

+  As  T  liave  shown  in  my  former  paper  svprli  cit. 

\  J'hc  Morteboe  Aaic*  li'ive  not  yielded  fossils.  The  abaenee  of  calcareous 
bauds  and  the  micaceous  character  of  the  beds  are  indicative  of  the  absence  of 
fosnls;  but  they  may  be  regarded  as  the  upper  memberi  of  the  Ilfitaoombe 

series. 

%  fiep.  Brit.  Awoc.  1836 ;  '  SUuria,'  4th  edit.  p.  278. 
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8oiith  of  Ireland,  ouly  requires  a  brief  nofeioe  here.  These  beds 
having  been  repeatedly  desonbed  by  prerions  writen,  from  tlie 
Ber.  B.  WflHams  *  and  Mr.  Weaver  t  down  to  Hesmi.  Townsbend 
Hall$  and  Ethoridge  X  in  more  recent  times,  I  here  give  descrip' 
tions  taken  chiefly  from  my  own  note-book.  The  beds  are  described 
in  descending  order : — 

(1)  MorUkoe  Sfaies.  QloMy  micaoeoua  alatee,  uniform  in  texture,  and 
floob  SB  might  have  origiiiated  from  ths  wavte  of  gneiss  or  mieap«hist : 

nnfonlifcrous. 

(2)  Hfiwmbe  beds,  A  variable  series  of  grev  slates  and  thin  grits,  con- 
taining nnmsnms  bands  of  bhw  esortby  UmsslOM  (**  BiHitgoeephalu** 
limestone  chiefly  in  tlx-  lower  part.  These  bedssrs  h^i^  fossili* 
ferouB,  containing  pulyzua,  corals,  and  niollusca  in  abundance. 

(3)  Hangman  Grits  (Martinhoe  beds  of  T.  M.  Hall).  Hard,  finc-prained, 
red,  purple,  and  grey  grit«  with  bands  of  slate  rising  from  below  the 
Tlfraronmc  elntes  at  Combi'-Martin  Bny.  These  bods,  like  tlio«e  of  the 
Pickwell-Dowii  Sandstoaee,  form  liigh  tableluudd  or  downs,  traversed 
by  deep  dells  leading  down  to  the  sea. 

(4)  Lt/nton  Slntcs.  Greyish  smndy  slates  and  fine  grits,  cleaved,  passing 
aowa.  into  calcareous  banded  slates  and  earthy  limestones,  highlj 
foBsiBftrous.  These  beds  break  off  into  ssstped  oliflh,  ridgss,  and  ton 
along  well  developed  planes  of  jointsgs.  Oorsllb  poljso^  sriadds* 
spirifers  &c.,  are  abundant 

(5)  FwUattd  GrH9»  Msssivs  coarse-  and  flne-gnuned  grey,  purple,  snd 
green  grits,  with  IviTids  of  schist.  Pebbles  of  quartz,  quartzite,  and  slate 
■ometimee  oocur.  The  beds  are  oontorted,  and  their  base  is  nowhere 
visiblsf .  IPoioid  and  fissar  |laai«siiMiiBS  oesar,  resembling  thoas 
from  tae  GlsDgsriff  bsda  of  lirslsiid. 

Fondt, — The  Middle  Devonian  ;  or  Ufraoombe  beds  have  yielded, 
aecordiog  to  Mr.  Ellieridge,  73  known  forms,  of  which  about  20 
come  from  the  Lower  Devonian  or  L}-nton  1)ed8  ;  but  only  three 
forms  from  the  Lower,  and  28  from  the  Middle  Devonian  beds  are 
found  in  the  Carboniferous  beds  generally  |>,  and  not  a  single  form 
out  of  eitiier  i3b»  Lmw&t  or  Middle  diviaioBa  haa  been  dieoovewd 
in  the  Gkngariff  grits  or  datea  of  Ireland,  with  wbooh-  tiiey  have 
been  correlated  by  some  authors. 

l^hicl  ness  o  f  hds. — A  careful  estimate  of  the  thickness  of  the 
Devonian  beds  of  North  Devon  has  been  made  by  the  Kev.  Dr. 
Haughton,  which,  as  being  the  most  recent,  1  here  insert,  though  the 
question  of  thicknees  of  strata  is  not  one  materially  affecting  the 
aabjeet  under  eonridwation.  Br.  Hanghfcon'a  estimate  IT  is  as 
IbUowa: — 

(a)  From  the  lowest  beds  at  Lj-nmouth,  ocei^ying  the  summit  of 
Hie  great  anticlinal  andi,  up  to  the  Ufnieomhe  marine  limestone^ 
4400  feet. 

(6)  From  the  Ufraoombe  limestone  to  the  CuadUza-  and  plant-beds 

•  Bep.  Brit.  Assoc.  18^J9,  Trans,  of  Sections,  p.  95. 
t  Pros.  CisoL  Boe.  Lond.  vol.  ii.  pp.  589,  590. 

I  Suprh  cif.    See  aLso  De  la  Beche, '  Rep.  Devon.  Corn.  A  Soiner.'  plate  3,  Lc. 
I  See  De  la  Beclie's  section,  plate  ii,  mprh  dt.    In  placing  the  Foreland 
€hnis  at  Uw  bass  of  tihs  Lower  Disvoniaa,  I  adopt  at  this  stsge  the  mcfvslsnt 

view.    Further  on  it  will  be  «een  tliat  there  is  reason  for  supposillg  USJ  f onu 
the  connecting  link  between  the  Devonian  and  £)ilurian  series. 
I  Suprik  cit.  pp.  674,  676. 

^  Joum.  Bogr*  CkoL  Soo.  Msad,  voL  v.  (nsir  ser.)  pp.  126^  187* 
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of  Baggy  Point  and  Harwood,  5200  ftet.  In  all  of  Bevonum  lieda 

proper,  9600  feet. 

(c)  From  the  Cucullcpa-  and  plaot-beds  to  the  flin^  caloareooa 
dates  of  Barnstaple,  2200  feet. 

Absence  of  the  MtddJe  and  Lower  Devonian  Series  in  Ireland. 

After  the  description  above  given  of  tlio  Middle  and  Lower 
Devonian  beds  of  Xortk  Devon,  it  may  be  asked.  Where  is  such  a 
group  to  be  fbnnd  in  the  South  of  Ireland  ? 

Aocordiiig  to  the  views  I  entertain,  they  are  not  represented  at 
all.  As  I  have  already  shown,  the  Old  Bed  Conglomerate  of  the 
South  of  Ireland  has  no  immediate  predecessor  in  the  formations  of 
that  country.  The  hiatus  and  unconformity  which  are  so  marked 
between  the  Gleugariff  bods  on  the  one  hand  and  the  Old  Red  or 
Lower  Garboniferooa  beds  on  the  otiier*  show  that  oertain  strata 
are  absent  over  this  area ;  and  if  the  correlation  I  have  indicated 
above  between  the  Devonshire  and  Irish  sections  be  eorreot,  tiien 
it  follows  that  the  Middle  ayi  l  Lower  Devonian  beds  exactly  occitp}f 
the  place  o  f  the  mvising  str.it'C  in  the  South  o  f  Irelan  l.  Any  attempt 
therefore  to  correlate  these  bods  with  the  Gleugaritf  or  Dingle  series 
appears  to  me  an  error ;  and  it  is  not  till  we  reach  the  basement- 
beds  of  the  whole  series  of  Korth  Devon,  viz.  the  Foreland  giits 
and  slates,  that  we  have  any  real  representatives  of  the  Glengariff 
beds,  which,  on  grounds  already  stated,  I  consider  to  be  of  Upper 
Silurian  agef. 

The  view  which  T  now  venture  to  offer  for  explaining  the  rela- 
tions of  the  Devonian  series  to  the  formations  of  the  South  of  Ire- 
land seems  to  meet  the  difllculties  which  have  hitherto  beset  this 
problem      I  have  already  shown  that  in  the  South  of  Ireland  the 

succession  of  the  strata  was  interrupted  after  the  formation  of  the 
Glongariff  or  Diup^lo  bods.  Up  to  this,  from  the  base  of  the  Upper 
Silurian  scries,  throughout  the  "SVonlock,  Ludlow,  and  Gengariflf 
stages,  deposition  went  on  uninterruptedly ;  and  then  came  cessa- 
tion of  deposition,  elevation  of  the  soa-bed,  and  denudation.  Every- 
where between  the  Glengariff  beds  and  those  which  succeed  them^ 
whetiier  Old  Bed  Conglomerate,  Eiltoroan  flags,  or  Lower  Carbo- 
niferous grits  and  slates,  there  occars  a  bre(d:  in  sttrtesston  of  straUtf 
an  hiatus,  indicative  of  land-conditions  and  the  absence  of  certain 
strata  for  wliich  wo  are  ol)lip:ed  to  look  elsewhere.  Now,  as  all  tlio 
beds  from  the  Carboniferous  Limestone  to  the  Pickwell-Down  sand- 
atone  indosive,  are  clearly  represented  in  the  South  of  Ireland  by 
the  Carboniferons  Limestone,  the  Carboniferous  Slate,  the  Goomhout 
Grit,  and  the  Old  lied  Sandstone,  it  is  dear  that  the  Middle  and 
Lower  Devonian  beds  of  Devonshire  arc  in  reality  the  missing 
Strata.   But  before  pursuing  this  subject  further  1  wish  to  show 

*  Therelationsof  tbsaebedsnrc  illustrated  by  adiagramnistieplsnandssctioas 

in  mv  pnppr  above  quoted,  p.  713. 
t  'J/>id.  pp.  70a,  715-718,  &o. 

J  These  view*  were  firit  briefly  sketched  out  in  a  ])aper  published  in  the 
'  Oi  uli'pjifal  Mngnzitie,'  Doc.  1878,  nnd  have  received  the  sppfOTal  of  Mr*  A. 
CUaoiperuowno,  in  the  UooU  Mag.,  Maroh  lii7d. 
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that  there  is  reason  for  believing  that  the  GlengarifF  beds  really  have 
some  representatives  in  the  Devonshire  section,  and  this  in  the  very 
baaement  Mb  of  the  whole  series  of  strata  represented  in  North 
Devoid  namdy  the  ForeUnd  grits  and  slates. 

YIU.  The  f^OBBLAira  Grits,  possible  Keprsseitiaiives,  m  HlBx,  of 

THE  GlENOARIFF  BeDS. 

No  one  who  compares  the  Foreland  with  the  Gleugariff  beds  can 
fidl  to  admit  the  strong  resemblance  they  bear  to  each  other,  except 
for  the  greater  predominanee  of  grits  in  the  former*.  Theseetioii, 

however,  of  the  Foreland  beds  is  imperfect ;  the  base  is  nowhere 
visible,  as  shown  by  De  la  Beche;  bnt  as  far  as  it  extends,  the  ro- 
semblance  is  almost  complete.  I  have  already  described  tliese  bods, 
and  remarked  on  the  resemblance  of  the  plant-remains  they  con- 
tain to  those  of  the  Glengariff  beds.  AH  things  considered,  we 
eaimot  he  Ux  wrong  in  sivpposiiig  that  the  Glengtuiff  beds  (U  the  top 
of  the  l^niian  series  of  me  one  eonntry  are  cm,  or  about,  the  same 
geological  horizon  as  the  basement-beds  of  the  Lower  Devonian  series 
of  the  adjoining  country.  In  each  case  thoy  may  be  r^rded  as 
the  connecting  links  between  the  Silurian  and  Devonian  groups, 
and  therefore  as  occupying  a  nearly  similar,  if  not  identical,  strati- 
graphical  position.  If  this  be  admitted,  we  are  now  in  a  position 
to  oom^to  the  entire  geological  history  for  botli  eoontries,  each 
ftumishuig  to  the  other  the  missing  Unn  in  the  geologioaL  ohain, 
thus  enabling  us  to  understand  both  tiie  analogies  and  dtstinotions 
in  the  physical  events  of  the  groat  period  whioh  intervened  be- 
tween the  Silurian  and  Carboniferous  epochs. 

I  have  endeavoured  to  represent  in  the  annexed  Table  (p.  20G)  the 
geological  scries  of  the  south  of  Ireland  and  North  Devon  ;  and  to 
svdd  repetition  I  have  plaoed  in  jnxtaposition  the  representative 
series  in  Belgium,  to  whioh  I  will  refer  subsequently. 

As  regards  South  Devon,  I  have  nothing  to  add  to  what  has 
already  been  written  by  various  authors.  The  North-Devon  sec- 
tion, so  complete  and  clearly  laid  open,  is  admittedly  the  key  to 
that  of  South  Devont.  As  Mr.  Etheridge  has  shown,  the  Middle 
Devonian  limestone  of  Newton  Abbot  and  Plymouth  is  not  only 
moreftdly  developed  as  a  limestone  formation  tiian  its  representative 
at  Ilfracombe  &c.,  bnt  it  contains  a  much  larger  assemblage  of  marine 
fossils,  while  there  are  grounds  for  believing  that  the  representa- 
tives of  the  Upper  Devonian  beds  arc  less  clearly  represented,  or 
arc  concealed  by  faults  along  the  margin  of  the  Carboniferous  area, 
or,  tinally,  are  cut  out  by  the  granitic  intrusions.  To  determine 
these  points  fully  will  require  a  very  careful  and  detailed  survey  t. 

*  Prof.  Jukes  de^jcribes  them  aa  "  thick  masuve  grita  of  green  and  red 
colon m  with  purple  alatea,  .  .  .  the  "whxAe  hang  ■imilwr  to  many  parts  of  tha 

Old  Ked  SandAtone  of  the  south-western  portion  of  loeUad,"  «wA*iimg  tiieralij 
the  Gloji^'ariff  heda.    Additional  Notes,  tVc  p.  D  (18<>7). 

t  Exii'pt  tbjit  the  "  Upper  Devonian  Limestone  "  with  Goniatites  at  Chad- 
leigh,  dei>oribed  by  Dr.  H.  Holl  and  Prof.  Bonier,  aeema  to  be  unteprwented  in 
North  Devon  (see  Geol.  Mnir.,  April  18m •). 

X  Dr.  Holl  considers  that  in  ^outii  Dcvuu  there  is  an  unooulormitj  between 
the  base  of  Uie  Onhn-meaaiiies  and  the  underlying  Deyonian  roeka. 

Q.  J.Q.S.  iro.142.  X 
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IX.  BkI4»TAW  BlCUOSA. 

A  reoent  visit  to  the  yalleyB  of  tiie  Kieaae  andOnriho  in  Belgium, 
foUowing  on  a  study  of  Tinmerous  rnapB  and  memoirs*,  has  enabled 
mo  to  obtain  a  clearer  idea  than  I  previously  possessed  of  the  Devo- 
nian aeries  of  that  country  with  a  view  to  comparison  with  that  of 
North  Devon  and  the  south  of  Ireland.  After  observing  the  splen- 
dil  fleefeioiui  along  those  rivets  of  the  beds  firom  tiie  OarboniferoiiB 
limestone  down  towards  the  base  of  the  Devonian  series,  it  was 
impossible  to  come  away  without  being  impressed  with  the  impor- 
tance of  the  Devonian  rockf?  amoni^st  the  formations  of  Northern 
Europe,  fully  justifying  Sir  K.  Murchlson,  Prof.  Ford.  Isomer,  and 
other  geologistfl  in  giving  them  a  position  second  to  none  amongst 
ContiiieBtal  groups  t.  The  distinct  in&aposition  of  the  Upper  Devo- 
nian beds  to  the  OarbonifiBroQs  is^  peifiNlly  olear  and  indispnlaUa 
in  the  sections  of  the  Heuse,  north  of  Diiunt^  and  in  those  of  the 
Ourthe,  south  of  lidge.  The  beds  are  different  from  the  Carboni- 
ferous both  in  minerd  character  and  order  of  succession ;  so  that  it 
is  impossible  to  suppose  they  can  be  repetitions.  At  the  same  time 
the  beds  themselves  are  wonderfully  bent,  flezurcd,  and  folded;  but 
theie  ia  no  difficnlty  in  determining  their  position  and  relationB  to 
each  other  when  onoe  the  snooessLon  has  been  dearly  made  out. 

That  the  Devonian  beds  of  Belgium  are  representative  of  those 
of  North  Devon  is  abundantly  dear  as  rc^^ards  their  paloeontology, 
the  main  distinction  in  their  composition  being:  the  greater  predomi- 
nance of  limestones  in  the  Belgian  area,  and  of  sedimentary  beds  in 
Devonshire. 

It  seems  to  me  very  difficult,  if  not  impossible,  to  determine  the 
representative  beds  in  Belgium  and  Devonshire,  except  in  a  fcfw 

cases.  Thut  the  PiMmmito  du  Condras "  ii  the  equivalent  of  tho 
Fickwell-down  sandstone  "  has  been  recognized  by  Prof.  De- 
walque,  and  does  not  admit  of  a  doubt.  In  Belgium,  however,  it 
is  in  aU  probability  a  marine  formation,  Spirifers  and  other  fossils 
occurring  in  tho  lower  part ;  and  it  is  overlain  by  fossiliferous  shales 
(representing  tho  "  Lower  Limestone  Shale  of  England),  by  whidi 
it  is  separated  firom  the  Carboniferona  Limestone.  The  Oaleaire 
do  Frasne,"  with  S^nrifera  disjuncta^  which  underlies  the  **  Fsammite 
du  Condroz,''  is  an  important  limestone  formation  in  tiie  li^ 
district,  though  apparently  represented  only  in  South  Devon.  It  is 
considered  by  Prof,  de  Koninck  to  bo  a  subordinate  member  of  the 
Upper  Devonian  group.  The  "  Calcaire  de  Givet "  is  the  most  im- 
poitaiit  limestone  member  of  the  series,  and,  as  indieated  by  ita 
ibaalli,  is  the  lerpxesentative  df  tiie  Dfracombe  and  Plymooth  iLne- 
■tonea  on  the  one  hand,  and  of  the  Eifial  Limestone  on  the  other. 

*  Dumont's  Carte  g<>ologiaue  de  Belgiquc,  maps  and  sections  of  the  diBtriots 
of  Binant  and  Namur,  issued  hy  the  gOTemmeut  surveiy  under  M.  le  Direetour 
Dupont.  Sections  and  specimens,  in  the  Muoeam  of  Brussels,  by  MM.  Dtimont* 
Gofiselot,  Dupont,  and  Mourlon;  together  with  memoir*  fay  MM.  Qowolot,  De 
Koninck,  Dewalque,  &c.  &c 

t  I  «■§  vnfortunate  in  not  being  able  to  examine  the  Loifsst  I>efoniaa  beds 
with  the  sMente  X  dsioted  to  Uis  Upper  anl  Middle. 

s2 
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The  Lower  Devonian  beds  of  Belgiam  were  deposited  against  a 
shelving  shore  formed  of  Lower  Silurian  rocks,  the  Upper  Silurian 
bods  being  absent :  hence  those  beds  are  often  in  the  form  of  eon- 
glomenteB,  belonging  to  dUforent  geologioal  horuons,  depoailed 
against  the  ahorea  of  "  the  Cc6t»  dn  Oondroa"*. 

X.  The  BouLoiTNAis. 

Of  the  nnmerous  descriptions  of  the  Falseozoic  series  in  the  Bou- 
lonnais,  the  latest  is  that  by  Dr.  Charles  Barroisf,  who  has  criven  a 
verj'  clear  statement  of  the  succession  of  the  beds  from  the  cool- 
measures  of  Locquingheu  down  to  the  lowest  beds  of  the  Devonian 
aeiifla  u  thete  represented.  A  laaiet  rhumi  may  hem  be  iisefdl, 
together  with  an  indication  of  the  representatiTe  beds  in  Nortii 
Deron. 

iSecti&n  of  tlie  Palceozoic  Series  of  tJie  Boulonnaii.  SywmymMm 

Coal-measures  of  Locquin^hen. 
Ilardinghen  Sandstone  (Imllatone  Gnt). 
r Limestone  with  Productus  gigOMitlU. 
Carbon! Tor 0U3  1  Napoleon  marble,  P.  undatus. 
Idmestoue.    [  Uaut-bonc  Limestone,  P.  cora. 
I  Dolomil^  with  Orinoid«. 

Fiennn^  Rand^toM^  with  Ckieuttma 

Jliirdingii. 

^  Bed  ClajB  and  Shales. 
Ferqaea  limeetone,  Spirifer  Ver- 
neuili. 

Shales  of  Bcaulieu  end  Dolomite 
^       of  Norea. 

Fourt  LinMBtone^  Ortki$  wtri-' 
afuUi. 
jlomerates,  red  Shales  and' 
green  Sandstones  of  Blaeourt. 
Forns  and  Culamites. 
Lower  Derouiau  abeeut.   The  Lower  Silurian  beds  underlie  the  Middle 


Upper 
Deroniaii. 


Middle 
BeTonies. 


Upper  part  :  Marwood 
beds,    or  OoomlK>le 

Lower :  Fiolmdl-doim 

Sandstone. 
Caloaire  de  FrMDAi 


GUo.  de  Oiretf  or  Slirft- 
oombe  bed*. 

Haagmaa  Grite, 


XI.  KEPRKSENT.vTm:  Beds  of  South  Wales  aito 
Welsh  Bordeks  (Region  of  Siluria). 

It  is  insisted  ujion  by  nearly  all  -vvritors  tliat  on  the  borders  of 
Wales,  near  Ludlow,  there  is  a  pertoct  coiifitrniity  and  actual  pas- 
sage from  the  upitermost  Silurian  into  the  lowermost  ]>eds  of  the 
Old  Red  Sandstone i  (or  "Cornstone  formation  ").  While  this  is 
allowed  to  be  the  case  in  the  direction  of  Shropshire,  it  is  hinted  by 
8ir  R.  I.  Mnrchi8on§  that  in  Brecknookshire,  Caennarthenshirs,  and 

*  On  this  subject,  see  the  papers  by  MM.  Comet  Ct  Briart,  Ann.  Soe.  €kSol. 

de  Belgique.  t.  iv. 

t  Proc.  Geol.  Assoc.  vol.vi.  ;  also  Sir  R.  Mnrchiaon,  'Siluria.'  p.  411,  4Ui 
edit;  Mr.  Godwin-Austen,  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  231,  &o. 

X  De  la  Beclic,  Mi'iii.  Ocul.  Survey,  vol.  i.  p.  .'•>;  K.'unsay,  Pliys.  Geol.  and 
Geogr.  of  Greet  Britain,  5tli  edit^  p.  104;  Murdiison,  'Siluria',  4tb  edit, 
p.  24G,  §  Ihid.  p.  247. 
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Pembrokeshire  there  is  an  uncjonformity  between  the  two  forma- 
tions ;  this  is  the  direction  in  which  lie  the  tracts  of  the  south  of 
Ireland  on  the  one  hand,  and  Devonshire  on  the  other ;  and  owing 
to  the  overlap  of  the  Old  Bed  Sandstone  near  Caermartiien  onto  the 
Lower  Silurian  xociks,  the  passage-beds  axe  hidden  from  view  wo 
have  therefore  no  opportunity  for  comparing  the  Ljmton  and  Fore- 
land beds  with  their  presumed  representatives  in  time  north  of  the 
Bristol  Channel  until  we  reach  the  district  of  Usk,  a  considerable 
distance  therefrom.  Nevertheless  there  seems  no  objection  to  the 
supposition  that  the  purple  and  reddish  saadatoDos,  dialoe,  and  eon- 
glomerates  of  the  Bidge  of  the  Triduagt,  underlying  the  so-called 
"  Old  Red  Sandstone  "  near  Llandovery,  are  the  representatives  of 
the  Foreland  beds  on  the  one  hand,  and  of  the  Glengariff  beds  on 
the  other. 

The  Pickwell-down  Sandstone  and  the  Old  lied  Conglomerate  of 
the  south  of  Ireland  are,  it  may  be  assumed,  represented  by  the 

White  Sandstone  and  Conglomerate  "  nnderlying  the  ^  Liniestone 
Shale,''  this  latter  being  &e  representative  in  a  gwtiy  reduced 
Ibnn  of  the  Carboniferous  Slate  of  the  south  of  Ireland,  and  the 
Barnstaple,  Pilton,  and  Manvood  beds  of  Devonshire t.  Between 
these  two  horizons  lie  the  red,  grey,  and  greenish  sandstones  and 
marls,  with  earthy  limestones  of  "  the  Cornstone  group,"  which 
mubt  therefore  represent  the  Middle  and  Lower  Devoniau  beds  de- 
posited nnder  conditions  differing  firam  those  nnder  which  the 
Bevonshire  stzata  were  fanned.  Mr.  Godwin-Austen  and  Prof. 
Bamsay  are  of  opinion  that  these  beds  are  lacustrine  §  ;  I  would 
venture  to  suggest,  as  more  probable,  that  they  were  of  estuarine 
origin,  and  connected  with  the  open  sea  which  spread  over  the 
Devonian  region  to  the  south.  Mr.  Salter  discovered  in  18G2  a 
bed  of  Serpula  {S.  advena)  in  the  marls  of  the  ^*  Comstone  series  " 
at  Ctaldy  Ishnd  in  Sonth  Pembroksbire,  showing  the  introdnetion 
of  marine  conditions  at  least  in  this  districtb  Prof.  Dewalqne  has 
pointed  out  that  similar  red  sandstones  and  marls  occur  amongst 
the  Devonian  rocks  of  Bclsrium,  separating  tlie  Caloaire  de  Frasne 
from  the  Calcairo  do  Givet,  both  being  hij^hly  tossiliferous  marine 
limestones.  I  have  myself  seen  these  beds,  wliich  are  laid  open  to 
view  in  several  fine  sections  along  the  valley  of  the  Ourthe,  near 
li^.  It  most  be  admitted,  however,  that  tdthon^  ^the  Gom« 

•  De  la  Beehe,  ibid,  v.  60. 

t  Hot.  Seot  QeoL  Sarfsy,  sheet  Ho.  3,  by  Sir  H.  T.  De  b  Beehe  and  Prof. 
Bamsay 

\  In  theie  shales,  as  they  occur  in  Pembrokeshire,  the  late  Mr.  Salter  recog- 
nised nmneroas  forms  ehsraoleriitio  of  the  Pilton  and  Manvood  beds,  mth  aa 

Avioula  damnonirvns  (  a  very  abundant  and  typical  form),  Cw^uIUfo  tmprzium. 
Rhjfnchonella  laticotta,  BelUrophon  bisulcatus,  and  two  other  species,  besides 
other  imnamed  forms  of  Phurotomaria,  Nucula,  SanfjmnoUU»,  ModioUi,  Aximts, 
and  IHteina.  That  thr-  Lituestone  Shale  is  the  equivalent  of  the  Barnstaple, 
Pilton,  and  Afarwoo*!  (or  Curulla»-)  bwls,  seems,  tliert  forc,  to  bo  well  supported 
by  fossil  eridenee.    (Quart.  Joum.  Geol.  S<x;.  vol.  xix.  p.  478.) 

§  Phys.  Geol.  Great  Brit.  p.  105.   The  abDenco  {^a  thr  as  known)  of  the  Old 
Sandstone  flt^hrs  from  the  marine  Derooian  bcda  ia  remarkable,  and  iaex* 
plained  by  the  authors  aboTe  referred  to. 
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Btone  formation  ^  of  Hereford  and  Monmouth  appears  from  its  po- 
■itioii  to  be  inevitably  the  eqaivelaiilt  ct  fhe  Middle  and  Lamm  &f 
Tooien  bedi,  the  palsBontologioal  differenoee  era  lemerkeMy  eon* 

tneted.  Ab  Sir  U.  T.  Do  la  Beche  originally,  and  Prof.  Ramsay 
enbsequently,  have  so  well  pointed  out,  the  discoloration  of  the 
waters  by  peroxide  of  iron  seems  to  have  had  the  effect  of  driving 
moUusks  and  corals  from  the  region  of  the  Devonian  rocks  north 
of  the  Severn,  while  iishea  (such  as  those  whose  remaius  aro  found 
in  the  Gonietone  group)  ooidd  reedilj  ewim  wiHuMit  injury  in  the 
wetem  from  which  the  perozide  of  iron  wie  thrown  down,  eo  long 
as  they  did  not  dietorb  that  eabitenoe  at  the  bottom*.  Hence, 
whilo  tbo  "novonian  estuary  over  the  area  Inng  to  the  north  of  the 
Severn  was  mifitted  to  be  the  habitat  of  moUusks,  corals,  and 
crinoids,  these  animals  flourished  abundantly  in  the  more  open  and 
purer  waters  of  the  sea  which  ranged  over  Dovonshire,  the  south  of 
Bagland,  and  eaatwaid  towazda  the  Bhine.  The  beda  oontaining 
SujnUOf  diaoovered  by  Hr.  Selter  at  Caldy  Idand,  were  probably 
altoiated  on  t^e  margin  of  the  estuary  on  the  one  hand,  and  of  the 
more  open  sea  on  tlie  othor.  It  would  therefore  tend  to  a  clearer 
appreciation  of  the  true  relations  of  these  strata  if  they  were  to  be 
called  by  some  term  such  as  that  of  "  lacustrine  Devonian  beds  ** 
rather  than  that  of  ^*  Old  Bod  Sonditone/'  to  whicJi  tliey  Juivc  oer^ 
iaiiily  no  tUUf, 

XII.  JSCOILAND. 

According  to  the  latest  researches  on  the  subjeet  of  the  Old  Bed 
Sandstone  of  Scotland,  there  aro  but  two  divisions — a  "Lower,** 
passing  down  conformably  into  the  Upper  Silurian  shalas,  and  an 
♦*  Upper,"  graduating  upwards  into  the  Lower  Carboniferous  Sand- 
atones,  with  a  complete  discordance  between  the  two  series  4:.  These 
relatioDa  eorreapond  exactly  to  those  of  the  Glengariff  beda  of  the 
aonth  of  Irelaad  on  tiie  one  hand,  and  of  the  Old  Bed  Sandst<me  on 
the  other. 

"  The  Lower  Old  Red  Sandstone  "of  Scotland  consists  of  sandstones, 
shales,  and  conploraeratef*,  with  cephalaspid  and  pteraspid  fishes  and 
largo  eurypterid  crustaceans.  *'  The  Upper  Old  llod  Sandstone,'* 
consists  of  red  and  yellow  sandstones  with  a  base  of  conglomerate. 

*  Infra  cit  p.  51. 

t  The  thickness  of  the  "  Oomstone  formation  "  is  probably  not  so  great  ^ 
generally  supposed.  Some  horisontal  seoHone  of  theBeoloiEioiJ  Survey  (e.  g. 

Sheet  No.  .3)  only  show  a  thicknens  of 'i.'KK)  to  3r>()0  feet,  while  others  (fl.  g. 
Sheet  No.  5)  show  a  thickness  of  about  OCMH)  foet^  This,  however,  is  somewhat 
doubtful,  wa  the  dip  of  the  beds  is  unseen  for  upwards  of  a  raile ;  but  this 
amount  may  be  taken  as  a  maximum.  The  generally  binall  dip  of  the  bede^  the 
ofcurrcnee  of  outliers  of  Carl>oniftToii«,  nnd  inliers  of  Ujiper  Silurian  rook.", 
oocosiuiially  over  the  great  tnungulur  area  west  of  the  Sereru,  all  tend  to  make 
us  hesitate  in  accepting  t  he  statements  sometimes  made  of  the  Taifc  thiokneee  of 
these  Ited.H.    Quart.  Jouni.  Geol.  Soc.  vol.  xix.  p.  476. 

1  Prof.  Geikie,  Quart.  Journ.  QtoL  Soc  toL  xri.  p.  312:  Trans.  £oj.  Soa 
Xaiib.TaLsznii.p.M7. 
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In  all  Dhysioal  aspects,  therefore,  the  resemblanoo  between  these 
groapi  m  Ivelnd  nd  SooUaad  It  wuplito*. 
The  gfwthiatatiPliuh«dsli  in  Inland  bdn^ 

glomerate  and  the  Glengariff  beds,  ooctirs  also  in  Scotland  between  the 
UpperOld  Red  Sandstone"  and  the  ♦*  Lower  Old  Red."  The  sections 
made  by  the  Geological  Surveyors  in  the  south  of  Scotland,  show  this 
verj'  clearly.  If,  therefore,  I  am  right  in  supposing'  that  this  hiatus 
is  filled  up  by  the  Middle  and  Lower  Devonians  for  the  Irish  area, 
U  luiildi  1^  tqpiany  Ito  ttt  Sasfcdi  I  ttd  iro  m 
eilale  a  isiiiiiig  ebaptor  In  the  intaNsting  pbyriMl  birtoiy  cf 
Scotland. 

Notwithstandinp:  the  almost  certain  identity  in  time  of  the  so- 
called  "  Lower  Old  Red  Sandstone  "  of  Scotland  with  the  Glengariflf 
beds,  it  is  impossible  to  doubt  that  it  is  a  formation  in  the  main  of 
lacustrine  origin,  at  least  over  the  Caithness  area  (^^  Lake  Orcadie'' 
«f  Otlldd).  Tim  efkUnee  in  Ikvoiur  «f  ttils  tiew  la  too  palptble  to 
leave  room  for  dooM,  notwithitaading  thob  at  timas  the  sea-waters 
may  have  made  brief  incursions.  Thus  in  tha  dktrict  of  Tinto  and 
Carmichael,  in  the  south  of  Scotland,  a  fossiliforous  band  is  seen  in 
the  channel  of  Carmichael  Bum  which  has  yielded  fossils  of  a  de- 
cidedly Upper  Silurian  character.  They  consist  of  Orthocem.'i  dimi- 
diatum^  DUhyrooaria  Btriaia,  Oraptolites  (fragment),  and  lieyrkhia, 
TldB  hisA  It  ooBiideTed  by  ProftiMor  Odkia  to  ba  6000  f eefc  abova 
tha  baaa  of  Ilia  Lowar  Old  Bad  Sandstonet ;  and  a  band  oOfloiB 
near  the  base  of  the  fonoation  In  tha  diatrict  of  Leemahago,  con- 
taining Bfijrichia  and  some  obscuro  remains  of  Pten/r/otust-  But 
there  is  no  reason  why  lacustrine  conditions  may  not  have  prevailed 
over  the  Scottish  area  wMlo  the  soa  overspread  the  south  and  west 
of  Irelaud.  Those  lacustrine  conditions  may  also  have  extended 
orar  tha  north  af  Inland,  aa  thara  la  avery  probability  that  tha 
fintona  beds  wbioh  ooonpy  so  large  a  tract  east  of  Longh  Erne, 
and  wMoh  lie  unconformably  on  the  Lower  Silurian  beds  of  Pomaroy, 
are  representative  of  the  "  Lower  Old  Red"  of  Scotland. 

If  these  views  are  correct,  it  follows  that  the  term  "  Lower  Old 
Red  Sandstone  "  is  synonymous  with  Uppermost  Silurian,  and  that 
the  beds  of  that  name  in  Scotland  are  the  equivalents  of  "  the 
paaaaga^-bada  "  of  the  Welah  bordara, the  Foreluid  grita  of  Noitii 
I>e7on,  and  the  "  Olangariff  beds  **  of  the  south  of  Ireland.  On  the 
above  groonda  I  suggest  the  term  Lacustrine  Upper  Silurian  "  in- 
atead  of  the  name  hitherto  in  nsp  in  the  Scottish  nrea. 

Evidenrt  from  FiKh-rciiiaius.—i  must  here  antieijiate  an  objection 
which  will  probably  be  urged  on  the  score  of  the  evidence  from  fish- 

•  Prof.  Gi?ikie  udiiiits  tbe  resemblance  between  tho  Lower  Old  Kcd  of  Scot- 
land and  tljo  GlengariiF  or  Dingle  bed*  (/.  c.  fuot-nute,  p.  347).  This  view  is 
also  stated  by  Prof.  Balph  Tate  in.  bis  *ffistorical  Geolog}  '  (Weale's  series), 
pp.  78,  79,  who  alw  concurs  with  me  in  considering  the  Upper  Old  fied  of 
Bootiaad  to  be  the  representative  of  the  Old  Bed  Sandstone  of  Irelaud. 

t  Mem.  Qeol.  Surrey  Scot.,  Explan.  of  Sheet  23,  p.  14. 

*  P>id.  p.  1.'$.  Silurian  fo9.sila  have  also  been  found  in  ooiifilomerate  of 
Habbie's  Howe,  Pentlaad  Hilla,  wippoeed  to  be  derivatiTe,  and  are  deeoribed 
1^  Mr.  &  Btlwridge,  Jan.*  Broa  Boj.  fh  ja.  Boo.  Bdin.  1874^ 
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remains.  Out  of  a  list  of  between  50  and  60  species  enumerated 
by  PnifL  Geikie  from  **  the  Lower  Old  Bed  Sandstone"  of  the  norlh 
ox  SooUand  (Lake  Orcadie),  not  one  occurs  in  the  Upper  Silmian 
beds,  according:  to  Sir  E.  Mul'chison  *.  But  it  should  be  recollected 
that,  according:  to  TVofessor  Geikie's  own  showing,  the  northern 
basin  was  com})letely  isolated  from  that  of  the  borders  of  Wales 
(the  Welsh  lake),  which,  as  I  have  hinted,  was  rather  in  all  pro- 
bability an  estuary  opening  out  upon  the  aea  in  the  direction  of 
the  Biutol  Ghannd,  BevonBhiie,  and  the  aonth  of  England,  which 
would  sufficiently  aooount  for  the  complete  dissimilarity  in  the  ich- 
thyic  fimna  of  the  two  regions.  Comparing  the  list  given  by  Sir  E. 
Murchison  with  that  of  Mr.  Etheridgc,  however,  I  find  that  in  other 
districts  the  following  fcvcii  Bpeeies  are  common  to  "the  Lower 
Old  lied,  and  the  Ludlow  and  Passage-beds,"  viz.  Auchen(iS2jis 
Sdlteriy  Egert.,  Ccphalaspxt  MurdMwni^  Egert.,  (7.  omoliw,  Egert., 
Ondmt  MwrthiMom^  Ag.,  PUroMpU  Bankiii^  Hnzl.  ft  Salt,  PU  Inm- 
cafuf,  HnzL  k  Salt.,  uid  Pt.  LloydU,  Ag.  Several  genera  of  ems- 
f^A^fia  are  also  common  to  both. 

From  these  considerations  I  draw  the  conclusion  that  there  is 
really  in  the  liritish  Ihles,  as  elsewhere,  only  one  formation  of  *'01d 
Eed  Sandstone  "  properly  so  called — namely  the  upper  member  of 
that  name  in  Sootlsnd,  the  yellow  sandstone  and  oondomerato 
helow  tile  Garboniferous  Limestone  of  South  Walea  and  flerafoid, 
the  Kckwell-down  sandstone  of  Devonshire,  and  the  Old  Rcfl  Sand- 
stone and  conglomerate  of  tho  south  of  Ireland.  It  would  also 
appear  that  "  the  Cornstone  group  "  are  not  the  representatives  of 
the  "Lower  Old  lied"  of  Scotland,  but  of  the  Middle  Devonian 
and  part  of  the  Lower  Devonian  beds  of  Devonshire  and  the  Conti- 
nent; while  "the  Lower  Old  Ked  "  of  Scotland  is  the  laoostrine 
eqniYBlent  of  the  Uppermost  Sihuian  beds  hoQi  of  Herefordshire  and 
of  the  south  of  Ireland,  namely  the  Glengariff  or  Dingle  beds. 
These  seem  to  mo  the  loi^ical  conclusions  to  be  dra\\Ti  from  the  facts 
and  arguments  stafed  in  this  paper.  The  following  table  will  pre- 
sent the  above  conclusions  in  a  condensed  form : — 

•  <8iliiriBk'4llisdit.p.fi96.  Oompsnwithadkie*sliife«igmictY.p.462. 
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Successive  Physical  Puases. 

It  would  appear  from  the  above,  that  at  the  close  of  the  Upper- 
Siliiriaa  period,  represented  in  IielA&d  hy  Hie  Olengaxiff  Ms,  in 
Wales  hj  the  Upper  Iiodliiw  and  Passage-beds,  and  in  Beottand  by 
tho  Lower  Old  Bed  Sandstone,  then  was  a  general  elevation 
of  all  the  iiorthom  and  western  portions  of  the  British  Isles,  ac- 
companied by  tlexurins;  of  tho  strata,  and  followed  by  extensive 
denudation.  In  tho  urea  of  the  south  of  England,  however,  and 
adjoining  continental  districts  it  waa  otherwise.  Hero  there  was, 
on  tiie  contrary,  continnons  depression ;  and  tiie  sea  oven^read  this 
ana,  in  which  were  deposited  the  Lower  and  Kiddle  Devonian  beds. 
WiUl  the  Upper  Devonian  stage,  or  Old  Bed  Sandstone  proper,  the 
snlnneision  of  the  western  and  northern  portions  of  tho  British  lAcs 
began.  Lacustrine  conditions  were  established  over  the  south  of 
Ireland,  portions  of  Scotland,  and  tho  north  of  Ireland.  In  the 
waters  of  these  lakes  tho  Old  lied  Conglomerates  and  succeeding 
beds  with  Anodowta  were  laid  down;  after  which,  by  a  fiirther 
general  snbsidenoe,  at  the  commencement  of  the  Garboniferoos 
period  the  sea-watos  flowed  in,  establishing  themselves  over  all 
the  lower  regions,  and  prevailing  generally  throughout  the  lower 
and  middle  stages  of  that  formation. 

If  the  above  views  and  arguments  be  conect^  it  follows : — 

1st.  That  there  is  only  one  formation  which  can  properly  be 
termed  tho  "  Old  Bed  Sandstone."  This  is  represented  in  Devon- 
shin;  by  the  Upper  Devonian  Sandstone  of  Pickwell  Down,  by 
the  Old  liod  Sandstone  and  ('onj;lomerate  (includini;  tlie  Kiltorean 
beds)  of  the  south  of  Ireland,  the  Upper  Old  ited  Sandstone  of 
Scotland,  and  the  Psammite  du  Oondros  of  Eraaoe  and  Belgium. 

2nd.  That  the  sOHsalled  Lower  Old  Bed  Sandstone  "  of  Scotland 
is  the  lacustrine  representative  of  the  U})pcrmo8t  Silurian  beds  of 
the  English  and  Welsh  borders,  and  of  the  OlengarifF  beds  of  the 
south  of  Ireland,  and  forms  the  connecting  link  between  the  Silu- 
rian and  Devonian  formations. 

3rd.  That  the  Jiiatus  between  the  '*  Upper  "  and  "  Lower  Old 
Bed  Sandstone  "  of  Scotland,  and  between  the  Old  Bed  Sandstone 
and  Glengariff  beds  in  Ireland  is  filled  np  in  Devonshire  by  the 
Middle  and  Lower  Devonian  formations. 

4th.  And,  assuming  that  the  Foreland  grits  arc  (in  part)  the 
equivalents  of  the  Ui)])er  Ludlow  rocks  on  the  one  hand,  and  of  the 
(ilcngaritf  beds  on  the  other,  it  would  appear  that  all  over  tho 
British  Islands,  except  the  south  of  England  and  the  Welsh  borders, 
land-conditions  prevailed  firam  the  close  of  the  Upper  Silurian  stage, 
throughout  the  Lower  and  Middle  Devonian  stages ;  at  the  dose  of 
which  there  was  a  general  re-«ubmergcnce,  with  the  formation  of 
lakes  and  estuaries,  during  the  Upper  Devonian  or  Old  Bed  Sand- 
stone period.  Those  lakes  and  estuaries  were  overspread  by  tbe 
waters  of  the  sea  at  tho  commencement  of  the  Carboniierous 
period. 
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Mr.  CnAMFSBNOwvrB,  speaking  of  North  Devon,  agreed  that  tho 
Pilton  and  Marwood  beds  should  be  referred  to  the  Carboniferous, 
down  to  the  top  of  tho  PickweU-Down  tSandstones.  As  for  the  latter, 
ho  oonaidered  them,  with  similar  bedi  in  Sonfh  Devon,  Upper 
Defoniaii,  and,  with  equal  jusfcioo,  tnie  Old  Bed  Sandatone.  He 
thought  the  Morto  and  Dartmouth  slates  corresponded.  The  oal- 
aareous  horisons  of  the  Ufraoombe  Morte  seriee  were  inconstant ; 
and  in  the  South-Devon  reefs  a  certain  amount  of  irregularity  might 
cause  the  Pickwell  beds  to  rest  on  limestone,  as  at  several  jwiuts 
they  appeared  to  do.  As  for  the  foreland  grits,  he  was  inclined 
to  think  they  might  be  the  aanie  aa  thoie  of  tiw  Himgman,  thrown 
downonthenofrthbya&alt.  IntfaaQnantodkHiUaitseemedtohim 
that  we  have  a  great  grit  serifla,  combining  in  itself  the  characters, 
eoloara,  &c.  of  both  the  Hangman  and  Foreland  series,  in  which 
case  the  basement  series  (supposed  to  be  tho  Lynton  grey  beds)  would 
be  buried  beneath  them,  as  there  is  not  a  trace  of  them  to  be  seen 
in  these  hills.  In  all  other  points  he  fully  agreed  with  Prof.  Hull. 

Prof.  BjookY  aaid  thai  he  waa  nol  swan  that  ICr.  Godwin- 
Anaten  had  pabliahed  an  opinion  that  the  Old  Bed  Sandstone  Vaa 
a  freshwatar  deposit.  Thare  were  two  important  points  in  this 
valuable  paper:-— (1)  The  gap  in  Ireland  between  the  Upper  Old 
Bed  Sandstone  and  the  Glengariff  grits.  In  Wales  there  was  a 
perfect  passage  from  the  uppermost  Silurian  into  the  Old  Ked  Sand- 
stone. South  of  Llandovery  the  Upper  Silurian  was  overlapped  by 
sandstone  rad  eonglomantea,  which  at  last  got  to  overlie  the  Lower 
Silaiiaa  in  Fembiokeahira ;  and  thave  waa  very  probably  a  htetk 
towards  the  middlo  of  the  Old  Red  Sandstone^  The  upper  part 
also  passed  gradufdly  into  the  Carboniferous  .series.  In  Scotland 
there  are  two  Old  Ked  Sandstones,  viz.  a  lower  and  upper  series,  sepa- 
rated in  places  by  well-marked  unconforTnity.  (2)  The  position  of 
the  Glengariff  beds.  He  did  not  see  why  these  might  not  bo  of 
tiie  age  of  tho  Low  Old  Bed  flandaUme  of  Scotland  and  South 
Walea,  thong^  tiiwe  were  Uthdogical  differenoea.  He  thought  the 
abnormal  conditions  under  which  these  appear  to  have  been  accu- 
mulated justified  retaining  for  them  the  name  of  Old  Ked  Sandstone. 

Mr.  Ussnr.R  objected  to  the  name  Upcot  Flags  being  applied  to 
any  part  of  tho  Devonian  series  below  tho  Ka«rf;y  beds.  He 
pointed  out  the  uncertainty  of  correlating  the  Pickwell-Down  grey 
sandstones  with  the  Paammitea  du  Condros  "  by  lithological  affi- 
nitiea,  as  the  grey  sandatonea  are  merely  local  baaement-beda  of  (he 
Pickwell  (Upper  Devonian  scries),  and  when  traced  towards  "West 
Somerset,  pvc  place  to  purple  slates,  which  pass  down  into  the  pale 
greenish  Middle  Devonian  slates.  He  hinted  at  the  bare  possi])ility 
of  the  Foreland  grits  bein^;  a  faulted  repetition  of  the  Hangman,  as 
suggested  by  Mr.  Champernowne,  though  the  general  dissimilarity 
between  the  two  aeries,  and  the  superpoaition  of  Lynton  beda  on  the 
Fordamd  griia  at  Oaie,  were  atroog^y  againat  such  a  anppcaition. 
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Hr.  Jm-BBOwarB  said  that,  as  he  undentood,  the  coDglomenie 
at  the  haae  of  the  Irish  Carboniferous  series  was  confined  to  one 
horizon ;  but  on  Prof.  Hull's  theory  everj-  bed  ought  to  become  con- 
glomeratic as  it  approached  the  land.  Had  FraL  Hull  oonaidend 

that  point? 

The  Preside>*t  said  that  he -wished  to  make  a  few  remarks  on  the 
excellent  paper  which  they  had  heard.  The  Foreland  rocks  were 
diflEbnnt  from  any  thing  to  the  eonth  of  them.  Besting  upon  these 
grits  occur  the  Lynton  slates,  with  many  Braohiopods ;  then  the 
Hangman  grits  ;  then  the  Ilfraoombe  series,  with  corals  in  limestone 
bands,  like  those  of  Torquay  ;  then  the  Morte  slates,  above  which, 
in  duo  succession,  occur  the  Tick  well-Down,  and  the  Marwood,  Pilton, 
and  Barnstaple  beds.  These  last  ho  paralleled  with  the  Coomhola 
grits  in  Ireland.  Ho  felt  conyiuced  that  the  Foreland  beds  could 
not  he  the  same  as  the  Hangman  grits.  Prof.  HuU,  he  thought, 
had  shown  conclusively  that  in  Ireland  there  was  a  great  hiatoa 
hetweon  the  Piokwell-Pown  and  the  Lynton  bods,  or  the  Middle 
and  Lower  Devonian.  The  stractoro  of  l^orth  Devon  is  repeated  in 
South  Devon. 

The  AiTTUOR,  in  reply,  expressed  his  gratification  at  the  way  in 
which  his  paper  had  been  received.  He  could  not  admit  that  the. 
Foreland  grits  and  slates  were  possible  cqnivalents  of  the  Hangman 
grits  ropeated  by  a  fault,  their  characters  and  position  being  dif- 
ferent; on  the  other  hand,  their  resemblance  to  the  Olengariff 
beds  was  most  striking.  Th(^  point  to  which  Mr.  Jukes-Browne  had 
called  attention  was  difficult  of  explanation.  He  reminded  Pro- 
fessor Bamsay  that,  in  his  previous  paper,  he  had  endeavoured  to 
prove  the  Upper-Silnrian  age  of  the  Olengariff  beds,  not  only  horn 
tiieir  oonfiirmable  position  to  the  f ossilifemu  Upper  Silurian  on  the 
coast  of  Dingle,  but  from  their  supposed  representation  by  the  un- 
doubted Upper  Silurian  grits  and  slates  of  Muilrea  in  West  ^fayo, 
on  the  banks  of  Killarv  harbour.  If  this  were  so,  he  considered  the 
name  of  Ix)wer  Old  Red  Sandstone"  for  equivalent  lacustrine 
beds  in  Scotland  would  bo  untenable ;  and  he  suggested  instead  of 
^  Old  Bed  Sandstone,**  as  appHed  to  the  Hefeforddiiro  **C<nmstone 
Group,"  the  name  of  Estuarine  Devonian."  He  was  ^ad  to  hear 
If r.  Ghampemowne'a  correlation  of  the  beds  of  Horth  and  Sooth 
Devon. 
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18.  On  the  CaiCBBIAK  (Sedgw.)  ami  Silurian  Beds  of  Hu  Dwt 
Valley,  as  compared  with  tJtose  of  the  Lake  Disxuoi.  By 
J.  £.  Mabb,  B.A.»  f.GJ3.  (Bead  June  25, 1879.) 

Iir  cwmparing  the  beds  of  tlie  Bee  yalley  *  with  tfaeee  of  tiie  Like 
dutekt,  we  find  a  ifarong  dmilarity  in  strata  feferred  to  the  same 
age,  aa  we  might  expect,  considering  the  proximity  of  the  two 

areas.  The  chief  differcnooe  appear  to  be  due  to  the  two  areas 
having  been  affected  by  intense  volcanic  action  at  somewhat  dif- 
ferent periods,  the  effects  of  which  were  felt  throughout  the  ages 
wlikli  followed  tiie  period  of  outlmnt  Thia  liad  lie  el&et  of 
eanriag  m  loeal  phyaoal  Ineak  to  oeonr  earlur  in  the  northern  than 
in  the  southern  dicttrieL  Bat  such  local  breaka  as  oooor  in  volcanic 
districts,  although  more  apparent  than  breaks  more  widely  spread 
in  extent,  which  are  fretjuently  somewhat  obscure  (owing  probably 
to  a  uniform  action  of  upheaval,  and  hence  a  check  of  denudation), 
cannot  be  of  any  thii^  like  such  value  as  the  latter  in  assisting 

fjaaniftipiitimi 

The  end  of  the  period  of  great  Tokanic  activity  in  the  Lake  dui« 
tliot,  being  soon  followed  by  a  period  of  depression  (during  the 
deposition  of  the  Coniston-Limestone  series),  did  not  allow  of  much 
denudation  of  the  volcanic  materials.  On  the  other  hand,  in  the 
North  Welsh  area,  the  period  of  great  vulcaoicity  was  soon  suc- 
eeeded  by  a  period  of  upheaval  {yiz,  that  at  the  end  uf  the  Cam- 
hfian  epioeh);  hence  the  prodncta  of  Tdcanie  actirity  were  not 
ooreied  hy  much  sediment,  but  soffered  great  denudation ;  and  in 
conaequenoe  of  thia  the  SUnrian  beds  of  the  Bee  valley  are,  as  a 
general  nile,  composed  of  coarser  materials  than  those  of  the  Lake 
district,  and  seem  to  have  been,  for  the  most  part,  deposited  in 
shallower  water. 

It  seems  very  probable  that  the  Snowdonian  area  was  occupied 
by  d^  Umd  soon  after  tiie  laat  Tolcamc  onthnrata  there,  and  that  it 
remained  so  during  the  Silnrian  epoch,  eananig  some  of  tiie  animab 
of  the  ne^bom^lg  coasts  to  migrate  ever  and  anon  from  the 
shallower-water  conditions  which  obtained  in  the  Dce-vaUey  area 
to  the  deeper  waters  of  the  Lake  district,  of  which  a  few  examples 
win  be  presently  pointed  out. 

The  following  table  gives,  in  one  column,  a  list  of  the  Cambrian 
and  Silnrian  Iwds  of  the  Lake  district;  and  in  a  paralld  edbanui 
are  given  the  oorresponding  beds  of  the  Bee  valley. 

*  I  iuiTe  received  much  valuable  assistance  from  my  friend  A.  S.  Evid,  Esq., 
ef  StJcfan'sOoUsgs^  Ckmbridge^  in  emminlng  the  Dee-ndky  aim. 
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Bpoobu 

Eonnatiooi. 

Litodiilnot. 

Bee  iraUagr, 

/  Upptf  Ludlow. 

Kirkbjr-Moorflagik 

Tin  MinM^Mm  t'lwl 

Lower  Ludlow  and 

I 

da 

UppsrWeDlock. 

Coniston  Grite. 

do. 

iii.^l^Mr  Ooldwall 

IMnae-Bnn  Bede. 

8.  Weiiloct,  con-  ' 

f  Middle  Ooldiraa 

»-< 

iL  - 

iiede. 
Lower  OoldweU 

^  Bedc 

i.  Bratli:iy  Flaol. 

Flags    of  Penyglog 

anew.  Maeahir.  &c. 

7.  TmanoB  ShaLM. 

6.  OraptoUftio  ICnd- 
stouei. 

Qw^^tto  Mud- 

Gnptolitio  Hnditam 

,5.  May-HUl  Group. 

teeiiNnit4ie&  of 

OonreB  €hiti»  Oerrig-y- 

SUtuian. 

dnidion  Giiti^  fta 

CAMBRIAN. 

'4.  Upper  Bda. 

3.  :i[iadlo  Bala. 

2.  Middle    Bala  in 
part ,  LowerBala. 
^1.  Arenig. 

Aflbgili  ShAlet. 

Coniiton  Limestone- 
Borrowdftle  SexiM. 
SUddMrCDitM. 

Hinwnt  limestone  ? 
OroUemnta  beds,  Cer- 

rig-y-drudioii  ? 
Bala    Liuiestono  and 

oTerlying  sbalc«. 
Shale*  and  Aadcdtic 

aihee  of  Berwyni. 
Bedi  ofTUliiijiMiaiid 

Areoif. 

1.  Th$  Armig  BedM, 

The  lowest  beds  of  the  Dee-raUey  area  have  yielded  fossUs  at 
Taihirion,  near  Arcnig  (see  Cat  Cambr.  &  Sil.  Fobs,  of  Woodw. 

Mus.  p.  22  et  seq.).  It  is  needless  to  treat  of  them  at  length,  as 
their  contemporaneity  with  the  Skiddaw  Shites  is  generally  allowed, 
and  also  their  lithological  rt^emblance  to  that  formation,  and  the 
fact  that  they  show  signs  uf  great  volcanic  activity  in  Wales,  but 
not  In  the  L»e  diatriet 

2.  The  Lower  Bala  Beds. 

At  the  close  of  the  Arenig  period  vulcanicity  appears  to  have 
shifted  its  action  from  North  Wales  to  the  Lake  area  :  aiid  the  Lower 
iiala  of  the  Lake  district  consists  of  a  series  uf  ashes  and  lava-Hows, 
well  known  as  the  Borrowdale  aeries  of  Ptofeasors  Harknesa  and 
Kiehobon. 

The  Dec-Talloy  beds  of  this  age  arc  made  up  of  imperfeetly 

cleaved  shales,  with  a  few  ash  Ix^ds,  and  some  dolcritic  masses, 
which  occur  along  lines  parallel  to  the  strike  of  the  beds,  as  mapped 
by  the  Ueologicai  Survey.  The  ashes  and  doloritic  rodu  are  seen  on 
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the  slopoe  of  the  Berwyns,  south  of  LLandrillo.  About  300  yards  S.E. 
of  the  £uin  of  Blaenjidre,  whieh  is  tbonl  ft  mik  tomih  d  Miiidrillo, 
ooonn  an  Mh,  wMoh  Tuiet  from  a  fine  fodk  wifhoakite  to  a  ooane 

rock  contaiiiiiig  fragments  aome  of  which  are  apparently  andesitie. 
Prof.  Bonney  has  kindly  examined  this  and  othar  rooks  ndomH 
Bcopically  ;  and  his  descriptions  are  given  below*. 

One  of  the  doleritic  rocks  is  well  seen  on  the  side  of  Clochnant, 
about  a  mile  and  a  half  E.S.E.  of  Blacnydre,  where  it  i^  traceable 
If  a  ImkaiL  edge  of  onteopt. 

The  oooorrenoe  oi  ihB  andeeHio  aah  la  of  interest,  pdntin^  as  it 
does,  U)  a  connexion  witli  the  Borrowdale  volcanic  seriea^  as  de- 
scribed by  the  Kov.  J.  CUfton  Ward  (Mem.  QeoL  Sumy,  Lake 
Dist.  p.  13  et  «^20* 

3.  The  JIfiddU  Sola  SedB. 

Although  this  period  vaa  one  of  great  Toleanic  oatbnisto  in  the 
Snowdon  distriot,  it  appeaia  to  have  been  compaiatively  qoieacent 

in  the  D^- valley  area ;  consequently  wo  here  get  a  strong  litho- 
logical  resemblance  to  the  Lake-district  beds  of  this  horizon.  The 
Bala  Limestone  has  been  (Mrrelated  with  the  Conistou  Limestone, 
but  would  seem  to  have  been  deposited  during  the  earlier  part  of 
the  Coniston-Limestone  period,  as  above  it  a  series  of  shales  occurs, 
wheireas  dmilar  ahalaa  are  intaroalated  witli  tiie  bands  of  limestone 
in  the  Lake  distiiot. 

At  this  period  we  get  the  first  signs  of  those  migrations  towards 
the  Lake-district  area  which  occur  at  least  twice  in  the  later  de- 
posits. Though  many  of  the  fossils  of  the  Bala  Limestone  are 
identical  with  those  of  the  Coniston  Limestone,  wo  find  that  two  of 
the  commonest  Trilobites  of  the  former,  Phaeops  apiculatus  and 
TSnmfdmtM  eoMomfrieiit,  aa  alao  the  genns  Bohiiwsphwrites,  wliioh  if 
very  typical  of  this  rook,  are  not  found  in  the  CQHiston^  bat  oeeor 
abondanUy  in  the  overlying  Ashgill  Sbalea^. 

*  [Bock  300  jda.  S.  E.  of  Blaenydro.  This  seems  to  be  a  true  ash,  i.  e.  pyro- 
dasneroeik;  there  are  at  least  two  marked  varieties  among  the  ftragmenta:— 
one  of  scoriaceoup  aspect,  with  base  rather  dunk  from  njMiritf.'iinfl  distinct  fclppnr 
ervBtals  having  glass  enolosures,  mostly  plagiociase ;  the  other  generally  with 
iiilaraUthieer7Stolfl,aiidiOiiiei^^  II  if  vavyprobaUe 

that,  as  jou  suggest,  tho  rock  Is  an  andesitic  nsh.  It  is  rather  deoompoeed  in 
pwtat  aeoondary  produota  being  formed,  and  ferrite  replacing  opadte. — T.  G.  B.] 

t  [Book  from  aide  of  dodmant.  A  oTfllalUne  von,  eonoathig  of  vell-pre- 
servea  augite,  much  decomposed  felspar,  and  a  serpen tilMMaauneru  or  minanli^ 
with  iron  peroxide,  probably  (in  part  at  least)  iimenite.  The  felspar  appears  to 
luKT0  been  plagioclase ;  a  Utile  of  a  monocUnic  zeolitio  mineral  in  radiating 
aggregates  is  now  present^  poanl^  heulandite.  Tho  Horpontinoius  mineral  mar 
replace  olivine  ;  but  in  some  cafses  the  form  of  the  grains  does  not  very  well 
aooord  with  this  supposition.  There  ia  one  crystal  of  a  browu  hornblende,  a 
variety  which  I  hw  occasionally  met  with  in  old  crystalline  augitio  rocka. 
This  is  one  of  those  coarse  doleritic  nycka  common  in  Wa]fl%  and  BlonlilHi^ 
to  have  been  intntaive  than  iutcrbedded. — I. 

1  In  ft  foiraer  praer  (Q.  J.  0. 8.  toL  scziT.  p.  g7S)  I  atatod  Uwt  AMaa* 
mhariUs  Davisii,  E.  halfhicus,  E.  mamTmsus,  Holoprlla,  and  Hdopea  wMe 
Gcmiitoa-Lunestone  foeaila;  the  beda  oontaining  Uiem  hate  linoe  nroTed  to  ba 
in  the  AabgOl-Shale  aeriflt. 
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ADothAr  nmukaUa  uuteiioe  li  Men  in  tbe  Braehiopod  Le^imm 
QuinquMtMUtf  whioh  is  fimnd  in  the  liniMfcone  of  Bala,  but  in  Uie 

Lake  district  has  not  been  certainly  found  lower  than  the  beds  in^ 
tercalated  with  the  Graptolitic  mudstones,  where  it  is  abondaofc;  it 
oocun  theco  also  in  the  middle  and  upper  ColdweU  beds. 

Stdiion  tn     NtiglJbmi^ood  of  ih€  Btetory,  Cerriffydrudum, 
(Length  of  Sectioii  abont  ^  aiile.) 


•  b  §  4 

U,  Grey  Bala  Shalefl. 

b,  Unaulating  seriea  of  oaloareous  grey  grita,  falao-bedded  and  ripple-marked, 

with  nmny  clay-^ls.    (Near  the  top  of  these  are  blackish-givy  cleaved 
bands,  aa  at  #.)   The  whole  of  d  i«  probably  the  equivalent  of  the  Corweu 
Grits,  and  paasM  up  into  c. 
0,  Lsaden-black,  olesred,  pyritous  shale:^,  with  many  Graptolite8=Graptolitio 
Mudftonei.  d.  I'nle-green  cleaved  shales =Tanumoii  Shales. 

4.  The  Ugpw  Bah  Beds, 

It  is  somewhat  difficult  to  know  which  of  the  Dec-valloy  beds 
should  be  included  under  this  head.  The  Hirnant  Limestone  is 
placed  here  by  Salter  and  others  (see  Cat.  Cambr.  &  Sil.  Foss.  Woodw. 
Mus.  p.  72) ;  and  it  is  characterized  by  Orihis  hirnantetmiy  stated 
by  Davidson  (in  bis  *■  Monograph  of  Palsozoic  Brachiopoda ')  to  be 
nndistinguishable  from  Slmhommia  tUunana,  the  characteristio 
Braehiopod  of  the  Ashgill  Snalee,  whidh  are  also  pLaeed  on  this 
horizon. 

There  is  also  a  calcareous  grit,  from  which  I  obtained  EchinO' 
K>h(Ent68  Davisii.  just  below  the  pale  shales  by  the  roadside  about 
^mile  S.W.  of  Maeahir,  which  is  probably  to  be  referred  to  this  scries. 

Neither  of  these  beds  shows  much  correspondenoe  in  lithologioal 
ehaiBOfcer  with  the  Ashgill  Shales ;  there  is  one  looJity,  however, 
whore  the  beds  do  bear  a  strong  lithologioal  resemblance  to  these 
shales,  viz.  the  shales  with  Orthis  alU  mata,  seen  by  the  roadside,  one 
mile  south  of  Cerrigydrudion.  Besides  abundance  of  Orthis  (i?t«'nintft, 
they  contain  Crinoid  stems,  Bej/richia,  and  Limjnia  :  and  iu  them  is 
seen  an  ash  bed*.    They  occur  not  very  fur  from  the  outcrop  of 

*  [Rock  1  mile  S.  of  Cerrigydrudion.  A  rock  probably  of  pyroclastic  origini 
but  so  much  dtMcd  hy  pressure  and  wbsequent  nhemiail  ooMige  tlwt  it  is 
difficult  to  form  an  opinion.  Certainly  mnny  of  the  fra^jmcnts  are  of  igneous 
origin.  The  feli<par  is  much  decomposed,  and  various  secondary  products  are 
abandut.  All  tnat  it  wonkl  be  safe  to  say  is  that  the  fnigroeots  do  not  belong 
to  the  more  acid  ^roup  of  l;ivr\s,  probably  they  are  andesitic  ;  but  seeing  that 
the  rock  has  been  much  altered,  they  miffht  be  yet  more  basic.  (If  the  rock  it 
lish  in  OHbonate^  the  ktter  is  probably  Uw  oms.)— 1.0.  B.] 
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the  Silurian  beds,  and  nevertheless  are  troughed  in  by  luge  firalts 

on  all  sides ;  hence  they  must  bo  very  high  np  in  the  Bala  series ; 
and  they  are  quite  different  lithologically  from  any  other  Bala  beds 
in  the  ncii^hbourhood.  Orthis  hinidntensis  is  rect>rded  by  Salter  from 
Cerrigydiudiou  ;  and  it  most  probably  comes  firom  these  beds. 

It  may  be  remarked  that  ashy  beds  oooor  in  the  AshgiU  Shales 
of  the  Lake  district,  at  Spengill. 

5,  The  May- Hill  Crroup. 

In  a  paper  by  Prof.  Hufrh(  s  (Q.  ,T.  G.  S.  vol,  xxxiii.  p.  207)  a 
series  of  gritty  beds  is  described  under  the  name  of  the  Corwen 
Grits,  and  these  beds  are  taken  to  represent  the  base  of  the  Silurian 
(Sedgw.),  and  ooirdated  with  the  AniWiek  Ckmglomeiratee  fte.  of  tiie 
Lake  district.  At  the  rector}^,  Cemgydrndion  (see  Section,  p.  280X 
an  undulating  series  of  calcareous  grey  grits,  fSedse-bedded  and 
ripple-marked,  with  numerous  clay-c:alls,  is  seen  resting  uncon- 
formably  on  the  Bala  beds ;  and  these  <rrits  are  intermediate  in 
lithological  character  between  the  Corwen  Grits  and  the  Plasuchaf 
beds  noar  Cymybrain,  desoribed  alto  by  "Btc/L  Hnghea  in  the  above- 
cited  paper,  lliey  were  appaientLy  imfdssilifevons  where  examined, 
though  Pentamerm  ohlongm^  quoted  fiom  Cerrigydmdiony  was  pro- 
bably found  in  tliese  be<l8. 

The  beds  at  the  rectory  form  a  strong  feature;  and  the  base  is 
seen  to  rest  in  an  undulating  manner  upon  the  underlying  even- 
bedded  Bala  beds.  Th^o  gritty  beds,  and  the  immediately  over- 
l^-ing  ones,  which  I  shall  presently  describe,  are  included  by  the 
Geological  Surveyor  in  the  Bala  Series. 

In  lithological  ehara^er,  the  gritty  series  of  Cerrigydmdion 
resembles  the  calcareous  and  gritty  bands  at  the  base  of  the  Silurian 
of  the  Lake  district  proper,  e.  7.  at  Skelpll  and  Pullbeck  near  Am- 
bleside, and  Appletreeworth  Beck  near  Coniston.  Towards  the  top 
it  contains  one  or  two  finer  blackish  grey  bands,  which  show 
deaTage. 

G.  TJie  GraptuVitic  Mndntones. 

In  the  Cambridccc  Museum,  "  (li-nptnlites  sp.  with  very  narrow 
cells  '*  is  plaeed  amonj^  the  middle  BiJa  fossils  and  recorded  (Cat. 
Cambr.  &  JSil.  Foss.  ^\  oodw.  Aius.  p.  39)  as  from  Bala.  The  matrix 
in  which  the  fbssil  occurs  ie  exccBriyely  like  that  of  tiie  Graptolitie 
Mndatones  of  the  Lake  district ;  and  the  species  itself  is  Monograplut 
argniteiis,  Nich.,  which  characterizes  a  single  zone  of  the  Graptolitie 
Mudstones  in  the  neighbourhood  of  Windermere  <5cc.  I  W!us  there- 
fore led  to  infer  the  occurrence  in  this  district  of  the  equivalents 
of  the  Graptolitie  Mudstones,  and,  although  unable  to  detect  them 
in  the  country  immediately  around  Bala,  obtained  the  following 
section  near  (jerrigydrodion  (see  fig.  p.  280). 

In  this  section  the  gritty  beds  on  the  horizon  of  the  Corwen  Grits 
fie,  as  already  described,  unconformafaly  npon  the  Bala  beds  of  the 
TaDey,  and  they  pass  np  into  a  series  of  woU-cleavcd  blackish 
pyritous  mudstones,  exactly  like  those  seen  in  Church  Beck,  near 

Q.  J.  G.  S.  Ko.  142.  v 
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Conistoii.  Fcon  thflae  mnditonee  the  fipUowing  apedflg  were  ob- 
tuned:— 

Ovarian  capsules  of  Graptolite*?          Monograptu^i  tenuis, 
2iono<jraptu»  wmttkitiu,  nx.  a,  em-   gregarkm. 

mini  is.   colon  iis. 

— —  SedgmckU  ?  Climacogra^tu*  ttretitueultu  ? 

They  are  seen  near  a  millpond  about  250  yaidi  W.N.W.  of 

the  rectory,  and  curve  round,  bo  as  to  bccomo  exposed  again  in  a 
quarry  okifie  to  the  mill,  wlii'-h  is  furthor  down  the  stream  than  the 
pond  and  about  the  same  distance  from  the  rectory.  Here  about 
]')  feet  of  them  arc  seen,  but  there  is  no  indication  of  the  top  beds 
being  visible.  In  each  place  they  contain  thin  baudii  of  subordinate 
grit. 

They  aieencceededin  aaeending  oroer  by  the  Tanomen  fihalea 

of  the  Survey,  which  are  exposed  in  natural  sections  and  in  aqnarrf 

near  the  farm  of  Tanyirraic:,  just  aboTC  the  miJl-pond. 

There  are  therefore  three  reasons  for  referring  these  beds  to  the 
Graptolitic  Mudstones : — Jb'irst,  iithological  ohajacfcer,  which  we 
have  seen  already  to  be  of  eonriderable  importance  in  oomparing 
the  two  aieaa.  Beoondly,  itratigTaphieal  pontioii ;  fior  theae  beda 
occur  between  the  Tarannon  Shales,  which  have  been  correlated  by 
Mr.  Aveline  with  the  Pole  Shales  of  the  Lake  district  (Gonl. 
Mag.  Decade  ii.  vol.  iii.  p.  282)  antl  the  gritty  beds  which  Prof. 
Hughes  correlates  with  the  Anstwick  Conglomerates.  Thirdly, 
palseoutologicai  affinity :  of  the  Graptulites  found,  all  save  one  are 
obaraeteriatio  GraptoUtie-mndataBe  loanla  in  Hub  Lake  diairiet ; 
«Da,  MoiMtgrapiui  eoiUmuSj  is  eharaeteriatdo  of  mnch  b%her  beds, 
tiie  upper  Coldwell  beds,  and  Bupplies  another  instance  of  migration 
from  Wales  to  the  I^ake  district.  AVith  regard  to  the  paliconte- 
logical  evidence,  we  can  state  at  once,  from  tlie  presence  of  Moiio- 
grapiiy  that  the  beds  are  I^Uuriau ;  for  there  is  no  well-authenticated 
instance  of  a  typical  Monograptus  occurring  in  the  Cambrian  series ; 
also  we  may  infer,  from  negative  evidence,  tliat  tbeae  beda  are  not  4 
tiie  eqtdvalents  of  the  Brati^y  Flags,  for  in  that  ease  Monograptut 
priodon  and  M.  vomerinus  would  certainly  be  among  the  first  fossils 
found  ;  but  the  only  other  Grapt<ilitiferous  beds  in  England  abmit 
this  horizon  are  the  Graptolitic  Mudstones  themselves  :  consequently 
there  can  be  no  donbt  that  these  beds  must  be  referred  to  that 
series. 

Similar  black  beda  are  seen  abofe  the  Oorwen  Gxita  of  Kant 
Caweddn,  near  Cerwen. 

7.  The  Tanmnon  ShdU$, 

These  beda  haTe,  aa  before  vemarked*  been  identified  by  Hr. 
▲▼dine  with  tbe  Pale  Shalea  of  the  Lake  distriet,  whidi  they 
euetiy  reaemble,  except  tfaat»  like  the  Graptolitic  Mudstonea  ef  the 
Dee-valley  area,  they  are  more  cleaved  than  is  nsnally  the oaie  with 
the  OQrreepondiug  beds  of  the  Lake  dUtiict. 


Digitized  by  Gc 


nunoAE  ov  tbm  m  Tixm. 


8.  The  iJenhighshire  Grits  and  Flags. 


There  are  three  distinct  subdivisions  of  this  series  in  the  Bee- 
valley  area,  (i.)  The  lowest  of  these  consists  of  the  banded  slates  of 
Penyglog  quarry  &c.  These  hare  been  identified  with  the  Brathay 
Hags  of  the  LaJke  district*  which  are  quite  similar ;  they  contain 
alflo  the  same  fossils.  From  the  beds  of  this  series  at  Penyglog  I 
obtained  Acroculia  halioth^  which  has  not  yet  been  found  below  the 
upper  Coldwell  beds  of  the  Lake  district. 

The  same  beds  occur  in  the  course  of  a  stream  about  \  mile  south 
of  Maeshir,  where  they  are  faulted  against  the  Tarannon  k^hales : 
they  here  have  somewhat  tiie  same  Utiiological  character  as  the 
Gn^tolitio  Mudstones,  hut  contain  numerous  well-preeeirved  speci- 
mens of  OraptoUtes,  among  which  were  Mmograptm  pdodon  and 
^F.  vnmerrnvs  in  great  abundance;  Betioliles  QeinUxianut  and  Or- 
thocera^  also  occurred. 

These  beds  in  the  Dee  valley  are  succeeded  by  (ii.)  Gritty  beds, 
e.  g,  those  above  Penyglog  quarry,  which  are  probably  on  the 
horizon  of  the  lower,  and  perhaps  also  of  the  middle  Coldwell  beds, 
than  which,  however,  they  are  much  coarser,  indicating  a  diaUower 
sea  at  this  period  than  was  the  case  in  the  Lake  district. 

(iii.)  The  hitrhest  Silurian  beds  of  the  Dee  valley  are  well 
exposed  on  the  hill  near  Llangollen  upon  which  Dinas-Bran  Castle 
stands.  They  have  been  correlated  with  the  Llansannan  bhales  by 
the  OeoilogieiQ  Sumy.  In  lifhological  character  they  resemble  the 
upper  Coldwell  beds  of  the  Lakes,  hiBiving  the  same  peculiar  character 
of  breaking  into  prismatic  blocks ;  they  also  form  tiie  marked  screes 
80  typical  of  the  upper  Coldwell  beds.  This  identification  is 
rendered  more  certain  by  the  correlation  of  these  beds  by  the  Geo- 
logical Survey  (Mem.  Geol.  Surv.  vol.  iii.)  with  the  Llansannan 
bhales,  which  have  a  well-marked  upper-Coldwell  fauna.  Li  the 
case  of  these  shales,  however,  as  in  the  case  of  the  Binss-Bnai  beds, 
many  of  the  fossUs  which  occur  are  not  found  in  the  Lake  distriet 
«    lower  than  the  Kirkby-Moor  Flags  and  Bannisdale  Slates. 

The  following  list  of  fossils  from  Dinas  Bran  is  oompiled  fmoi 
the  Woodwardian  Museum  and  my  own  collection : — 

Spongarium  Edwardsii,  MwTt^  CucxAlcWa.  coaietifa,  PMZ. 

Serpulitw  ditpar,  8aU,  Ctenodonta. 
I^oritstflhraiiH.  Theoa  FotMi,  Shant, 


Ambonjohia  acuticostata,  JU^Cly. 

Of  these  fossils,  Spongarium  and  IVninclionella  occur  in  the  Ban- 
nisdale Slates  and  Kirkby-Moor  Flafjs  of  the  Lakes  ;  but  most  of  the 
other  fossils  are  found  in  the  upper  Coldwell  beds.  The  identifi- 
cation of  these  beds  with  the  upper  Coldwell  beds  depends  on  the 
following  faets : — (L)  the  fithckgical  and  petrokgical  character ; 
(li.)  the  stratignq^calpcsition;  QSX*)  the  conalation  by  the  Geo- 
logical Survey  with  the  Uansannan  Shales,  whidi  have  a  decided 


ActinocrinuB  poloher. 

C^ratiocaris. 

Bhynchotu-lla  naricula,  Sow. 


 laqueatam,  Hall. 

pjroloeefM  ibil,  81m. 


nucula,  Sow. 
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upper-ColdweQ  fisxuia ;  (iv.)  the  character  of  the  fauna  of  the  beds 
themselyes,  which  reBemblea  lihe  njiper-CSoldwell  fauna,  mixed  wiUi 
feaailB  ooeuniiig  at  a  hi^^er  luniioii  in  the  Lake  distriot,  and  indi- 
oating  a  migration. 

These  beds,  although  so  like  the  upper  Coldwell  beds,  were  de- 
posited iu  a  shallower  sea,  as  indicated  by  the  micaceous  character 
of  tlie  beds,  the  numerous  ripple-marks,  and  tracks  and  borings  of 
Annelids. 

The  beds  above  the  nppw  Cddwell  beds  of  the  Lake  ^Gstriot  do 
not  seem  to  be  xepreiented  in  the  Dee  yallej ;  but  since  the  hij^iert 

beds  of  tiie  latter  area  show  extremely  shallow-water  conditions,  it 
is  possible  that  this  may  be  not  altogether  due  to  denudation,  but 
partly  to  depofiition  haying  ceased  in  the  area  for  some  period. 


Digitized  by  Go 


<nr  TKB  Msmon  jmauno  bood  of  DABfMooB. 


285 


19.  On  the  Schistose  Volcauic  Rocks  occurring  on  the  west  of 
Dartmoor,  with  some  Notes  on  the  Structure  of  the  Brent  Tor 
Volcano.    By  Frank  Rutlet,  Esq.,  H.11.  Geologicai 

Sorvey.   (Bead  Janoaiy  21,  1880.) 

(Oonmioiioitod  by  penniite  of  tbe  JUnetoi^^^ 

AmE  examiDatioii  of  fhe  adurtooo  beds  of  xook  on  tlie  wettorn 

margin  of  fhe  Dartmoor  granite,  I  ezperienoed  g;reat  difficulty  in 
comiiiir  to  any  satisfactory  conclusion  concerning  the  origin  and  real 
nature  of  many  of  them.  These  rocks  had  already  been  described 
by  Sir  Henn,-  Do  la  Beche,  in  his  Report  on  the  Geology*  of  Com  wall, 
Devon,  and  W.  Somerset,  fi»  schistose  ashes ;  and  his  well-known 
keenness  in  detecting  Utiu^ogical  peculiarities  nalnrally  induced  me 
to  aooept  his  opinion,  espeoiaUy  as  it  seemed  in  someinstanoes  to  he 
a  very  correct  one.  There  was,  however,  one  point  which  oansed 
me  considerable  perplexity.  I  could  not  reconcile  the  very  fre- 
quent occurrence  of  a  densely  amygdaloidal  structure  with  the  per- 
sist^^ntly  schistose  characUT  of  these  rocks.  If  the  amygdaloidal 
condition  implied  a  ouce  vesicular  structure,  and  if  the  rocks 
ahoold  on  Uub  aoooimt  be  regarded  as  laTaa,  how  then  was  the 
schistose  eharaoter  to  be  aoooonted  for?  I  was  not  then  acquainted 
with  any  iustance  of  schistose  lava.  On  tile  other  hand  I  oonld 
not  understand  why,  if  these  rocks  were  ashes,  the\-  should  be  amyg- 
daloidal. In  my  memoir*  on  the  eruptive  rocks  ot  Brent  Tor  and  its 
neighbourhood  1  endeavoured  to  account  for  the  schistose  structure 
in  lavas,  and  for  the  amygdaloidal  condition  in  ashes,  and  in  many 
pkoes  expressed  my  donbt  about  the  true  oharaoter  of  these  rocks. 
Ever  since  those  lines  were  written  I  have  been  sudons  to  venti- 
late this  matter,  and,  if  possible,  to  arrive  at  a  more  satisfactory 
solution  of  the  difficulty.  It  is  to  Mr.  John  Arthur  Phillips  that  I 
owe  the  sufrgestions  which  have  at  last  helped  to  settle  the 
question.  On  expressing  my  doubts  to  Mr.  Phillips,  and  after 
diowing  him  the  speeimeni  which  I  had  ooUected,  he  at  once  stated 
hia  belief  that  these  schisti  were  precisely  similar  to  some  whieh 
he  had  met  with  in  Cornwall,  and  which  he  had  examined  and  de- 
scribed as  lavas.  On  re-ex.imining  my  microscopic  sections  I  was 
still  unable  to  satisfy  myHclf  that  he  was  right  in  his  conclusion ; 
but  I  thought  my  sections  were  perhaps  not  snfficiently  thin,  and 
therefore  made  an  examination  of  some  new  and  better  ones  which 
were  prepared  by  Mr.  CntteU.  At  onoe  I  realized  the  truth  of  Mr. 
Phillips's  views.  The  migoiity  of  the  types  which  I  had  selected 
were  evidently  lavas  of  a  more  or  less  vesicular  character,  while  the 
others  were  ashes,  fine  tiiflTs  (Sehalsleins),  or  sedimentary  schists. 

In  some  of  the  latter  amygdaloidal  structure  is  present ;  and  it  is 
just  p<)S8ible  that  even  these  may  represent  greatly  altered  lavas. 
One  section  cut  from  a  specimen  collected  by  Sir  Henry  De  la  Beche, 
and  labelled    Yesiealar  ash,"  is  an  unquestionable  lava.  Never- 
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theless  Sir  Henry  was  certainly  right  in  his  views  concerning  some 
of  these  rocks,  which  present  tiie  appearance  of  fine  sedimenU  in 
which  fragments  of  aooriaoeoos  and  other  Toloanic  rocks  are  im- 

bedded  ;  and  it  was  doubtless  from  a  consideration  of  these  particular 
rocks  that  he  was  led  to  generalize,  and  to  regard  nearly  the  whole 
of  these  schistii  as  ashes.  The  schisto^  Btructuro  has  doiibtlsss 
resulted  from  the  pressure  of  the  superincumbent  strata  which  onco 
covered  this  area,  a  circumstance  which  I  }>oiutcd  out  in  my  otiicial 
mmab,  B  tosKf,  however,  alse  he  partly  due,  in  some  oases,  to  Ihe 
{irafose  devslopment  of  Wsieles  compressed  and  elongated  In  the 
direction  of  flow*  TM  these  beds  are  altamations  of  lava-dows, 
tuffs,  and  f  tifaceonfl  f^edimonts  I  have  no  lonfrer  any  doubt. 

I  have  learnt  the  importance  of  examining  only  the  thinnest 
possible  preparations  of  rocks  of  this  class,  and  the  importance  of 
expressing  a  guarded  opinion  when  microscopic  rock-sections  fail  to 
xeveal  distinot  charaetors;  I  would  also  here  thank  ICr.  H.  W. 
Bristow  for  aflbiding  me  facilities  for  the  rs-en&unat&on  of  some 
of  the  specimens  collected  for  the  Survey. 

The  structure  of  the  schistose  lavas  is  in  worn©  cases  quite  clearly 
shown  when  very  thin  sections  arc  examined  under  the  microscope; 
but  as  they  have  all  tindergone  considerable  alteration,  it  is  not  easy 
to  speak  with  certainty  about  their  original  mineral  cooatitution. 
There  are  nnmerons  Utde  felspar  crystals  to  he  seen  in  them ;  and 
tiiey  BometimeB  lie  with  their  lon^st  axes  in  definite  direotiOBS 
more  or  less  approximating  to  the  direction  in  which  the  vesicles  are 
elongated,  and  which  also  coincides  with  the  planes  of  bedding  and 
Bchistosity.  A  considerable  (piantity  of  viridite  is  present  in  most 
of  these  rooks ;  in  some  cases  it  seems  to  be  allied  to  green  earth, 
and  in  others  to  a  scaly  chlorite^Uke  mineral.  I  oannot  help 
thinking  that  these  rocks  may  owe  their  present  fissile  pharacter  to 
the  elongated  Tssides  which  ooenr  so  plentifblly  in  them. 

The  felspars  are  usually  very  minute,  and  are  often  reprcsent^id 
by  pseudomorphs  only.  Those  hivns  were  most  likely  similar  to 
some  of  the  highly  vesicular  basalt  lavas  erupted  at  the  present  day. 

There  is  an  important  consideration  suggested  by  the  comparatively 
nniliMrm  oharaeter  of  these  rocks  in  the  Tatistock,  the  Saltash,  tad 
the  Cornish  districts ;  and  it  seems  to  me  possible  that  it  may  be  one 
which  should  to  some  extent  influence  the  position  of  thi  h  nmd.'iry 
line  between  the  Devonian  and  the  Culm  son>«i  on  the  west  of  Dart- 
moor. In  dealing  with  this  question  I  am  lully  aware  of  the  value 
of  palteontoiogical  evidence,  and  how  such  evidence  must  of  neces- 
sity dominate  Oferany  argument  based  merely  upon  lithdogical  cha- 
racters. Unf ortonately,  in  parts  of  this  country,  and  especially  in 
the  critical  part  now  under  discussion,  fossils  are,  I  believe,  few  and 
far  between ;  and  1  therefore  venture  t-o  oflfer  the  following  remarks  in 
the  hope  that  they  may  inoito  palipontolofrists  to  focus  tlieir  atten- 
tion for  a  short  time  on  a  small  tract  of  count  r\  wliich  seems  at 


Tavistock  on  the  south  and  lidford  on  the  north,  fleie  the  lavas 
and  their  associated  aahes  and  to&oeons  sediments  crop  ont  in  strips 


present  to  be  doubtful  ground. 
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or  belts  which,  for  the  most  part,  trend  in  an  approximately  past  and 
west  direction,  while  on  the  west  of  Brent  Tor  thoy  are  shown  on  the 
Survey  xn^  to  sweep  round  in  a  rude  semioiroLe.  These  stnpB,  whieh 
I  shall  oall  the  Toloikiuo  senM,  dip  at  very  low  angles  or  are  in  Miiiie 
plaoes  aiqpioximately  horizontal ;  and  I  believe  that  in  many  cases 
they  are  repetitions  of  the  same  bed  or  set  of  beds — a  view  ably  ad- 
vocated by  Dr.  Harvey  B.  HoU  in  hia  paper  on  the  older  lookB  of 
South  Devon  and  East  Cornwall*. 

If  this  be  really  so,  how  can  we  have  one  part  of  a  bed  situated  in 
the  Deraniaii,  and  another  part  of  the  aane  bed  cropping  out  in 
Carboniferom  locka?  yet,  aa  the  Survey  map  now  itandi,  this  i^pean 
to  bo  the  case.  Justice  must,  however,  be  done  to  tiie  statements 
published  by  Sir  Henry  De  la  Beche,  since  in  his  Report  already 
cited,  at  page  IIG,  he  says  "The  boundary  Ls  certainly  unsatis- 
factory between  the  Tamar  and  the  granite  near  Tavistock."  Again 
an  important  statement  occuib  at  pages  119, 120  In  the  country 
near  Buntezton,  Milton  Abbot^  Lamerton,  Brentor,  Haiy  Tavy, 
Peter  Tavy,  and  Tavistock,  the  mass  of  schistoae  aah  accompanied 
by  greenstone  and  other  trappean  rocks  is  very  considerable,  la 
this  district  also  the  geological  date  of  the  solid  trappean  rocks 
may  be  questioned :  but  that  of  the  schistose  ash  is  clearly  the  same 
with  the  various  grit.s  and  shales,  it  being  merely  doubtful  to  which 
of  the  two  great  systems  of  roda  scane  of  title  beds  may  be  referred 
near  Hilton  Abbot,  Lamerton,  and  Tanatock.  Sovie  parfeetlj 
■imilar  rooks  occur  in  both  ;  and  the  boundarybetweent]ieai,aBhaa 
been  aboTO  noticed  is  not  clearly  defined." 

Further  on,  on  the  same  page,  Sir  Henry  says,  "  There  can  be 
little  doubt  that  the  principal  band  [i.  e.  the  Milton-xVbbot  and  Bun- 
terton  band  of  the  volcanic  series]  is  included  in  the  upper  series, 
aa  it  ean  be  seen  to  leet  npon  very  charaeteriBlieroain  of  thataeriee. 
Witii  a  more  aoathem  band  of  a  nmilar  aah  oommencing  with 
Endsleigh,  and  which  is  well  exhibited  in  some  quarries  on  ti^e  line 
near  Combe,  continuing  thence  by  Lamerton  and  Kilworthy  to 
Sowtentown,  there  is  not  the  same  certainty."  AVith  the  most  pro- 
found respect  for  Sir  Henry  De  la  Beche's  opiruons,  I  cannot  refrain 
from  pointing  out  the  probability  of  beds  near  the  junction  of  two 
perfectly  oonformable  formationa  exhibiting  altemationa  in  liAo- 
kgioal  cfaaraoter  which  render  it  impossible  in  a  very  limited  area 
each  as  this  to  speak  with  any  oertainiy  as  to  the  preoiaefeiination) 
and  since  Sir  Henry  adduces  no  palteontological  evidence  in  support 
of  his  opinion,  1  think  it  becomes  an  open  (juestion  whether  weight 
should  or  should  not  be  attached  to  his  statement.  The  point  I  wish 
to  establish  is  this,  that  we  have  at  Saltash,  as  recorded  by  Mr.  J.  A. 
PhilUpa,  some  achiatose  lavaa  in  the  ])e?onian  aeriea  identical  with 
aome  of  those  which  occur  in  the  Devonian  series  further  north,  in  the 
neighbourhood  of  Tavistock — and  that  similar  rocks  occur  still  further 
north,  round  about  Brent  Tor,  and  trending  westward  as  though 
they  belonged  to  the  Launceston  and  St.-Clcther  scriea  of  erup- 
tive rockfl  which  are  included  in  the  Devonian  area.    If,  then,  the 

*  Quart.  Joam.  QeoL  ikxs.  1668,  toI  zxir.  p.  407* 
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schistose  rocks  of  the  volcanic  serie?  in  the  vicinity  of  Brent  Tor  are 
merely  repetitions  of  those  about  Tavi>t<K  k,  ought  they  not  all  to  be 
regarded  as  of  late  Devonian  ago  ?  and  may  they  not  be  correlated 
wSh  thoie  in  the  Baltuh  district,  which  aie  nnquestioiiaUy  DeTtmian? 
That  this  sontheni  Devonian  series  of  rocks  has  been  derated  by 
lihe  underlying  granitic  masses,  such  as  that  at  Hingston  Down, 
seems  to  be  dearly  indicated  by  the  well-marked  east-aiid-west  trend 
of  the  I0112:  elvan  dykes  which  cross  tlie  country  :  and  if  this  be  the 
case,  the  diiscrepancy  in  the  dip  of  the  rocks  about  Brent  Tor  and 
those  about  Saltash  is  sufficiently  accounted  for,  while  at  the  same 
time  we  oan  readily  reaiize  the  denudation  of  the  onoe  intervening 
and  more  elevated  portions  of  these  schistose  rocks  over  a  tolerably 
wide  area.  Mr.  J.  A.  Phillips  Eidduces  good  reason  for  thinking  that 
some  of  these  lavas  and  tufl's  were  restricted  to  small  dimensions  ; 
and  he  is  doubtless  ri,i;ht  to  a  certain  extent.  I  caniiul,  however, 
help  thinking  that  in  other  cases  they  covered  a  very  considerable 
area ;  and  I  believe  that  some  of  the  Saltash  and  Tavistoek  schistoae 
lavas  may  possibly  have  reprssented  a  large  and  onoe  continooa 
flow.  I  do  not,  however,  wish  to  urge  this  opinion  very  strongly, 
as  I  have  not  visited  the  Saltash  district,  but  have  merely  examined 
one  or  two  specimens  collected  by  Mr.  liauerman.  I  woidd  also 
disclaim  any  desire  to  remove  my  neighbours'  landmarks  or  tamper 
with  existing  geological  boundary  lines,  when  ignorant  of  all  the 
aigoments  which  may  he  brought  to  bear  npon  snch  a  qnestaon, 
since  this  paper  has  been  written  merely  to  record  a  little  additional 
information  concerning  the  nature  of  the  schistose  volcanic  beds  of 
the  Brent-Tor  district  and  to  direct  the  attention  of  geologists  to  a 
very  small  area  in  whicli  they  may  ])us>ilily  rectify  a  "  seientitic 
frontier    by  carrying  the  Devonian  rocks  a  mile  or  two  further  north. 

Before  any  more  really  careful  work  can  be  done  to  elucidate  the 
stmcture  of  this  district  and  the  stratigraphical  relations  of  the 
eniptive  rooks  which  occur  so  plentifblly  in  it,  it  will  be  necessary 
to  survey  it  upon  a  map  of  lai^r  scale,  a  ])ro(  (>eding  which  would 
prove  beneficial  to  miners  as  well  as  to  £:eoLiiri>ts. 

The  rocks  treated  of  in  tliis  paper  are,  for  the  most  part,  situated, 
as  already  mentioned,  in  the  immediate  vicinity  of  Jirent  Tor ;  and 
it  seems  more  than  probable  that  they  emanated  from  it,  as  suggested 
by  Sir  Henry  Do  la  Beohe.  Having  now  discussed  the  characters 
of  tiiese  schistose  beds  of  lavas,  tuffs,  and  tufaceous  sediments,  it 
may  not  be  out  of  place  to  attemi)t,  by  a  series  of  sections,  based  in 
part  upon  the  Survey  Map.  to  restore  the  old  volcano  iti^elf. 

Treating  the  suhjc  ct  broadly,  we  may  say  that  Brent  Tor  stands  on 
an  iiTCgular  oval  basin  ^^tig.  1 )  occupied  by  its  lavas,  tutls,  and  ashes, 
which  are  interstiatified  with  sediments  hitherto  consideied  to  be  of 
CSarboniferous  age,  but  which,  as  I  have  suggested,  may  possibly  turn 
out  to  bo  Devonian.  The  basin  is  cracked  across  in  a  nearly  north- 
west and  south-east  direction  by  a  fault,  the  downthrow  being  to  the 
west.  Brent  Tor  is  situated  on  the  downcast  side  of  the  fault :  and 
it  is  to  this  fact  that  its  preservation  is  due.  The  basin-like  area  is 
mainly  represented  by  Heathfield.   Further  to  the  west  the  beds 
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fig.  1. — Plan  oftfu  Brent-Tor  Basin,  sJiowiiuj  the  Fttulta  and  th» 

Una  of  the  f (flawing  Sections. 


are  thrown  into  long  anticlinal  and  eyndinal  folds.  On  the  west  a 
fmall  and  nearly  triangular  ana  indndes  all  that  remains  of  tiie 
Brent-Tor  volcanic  series  in  this  direction.  To  the  south  it  ii 
possible,  as  suggested  in  this  paper,  that  the  schistose  beds  about 
Saltash,  ten  or  twelve  miles  distant^  may  belong  to  this  YQlcanie 
series. 

The  first  section  which  I  have  taken  to  illustrate  the  relations  of 
tiie  beds  is  one  running  NJT.W.  across  Barn's  Down  (iig.  2).  It 

Fig.  2.~-SecHon  (1)  acrots  Band  Down, 

MUton 


Kes  on  the  west  of  our  to  pical  basin.  Here  two  beds  of  the  volcanic 
series  are  seen,  the  older  marked  with  the  letter  c,  the  younger  with 
d.  As  they  undulate,  and  their  crests  have  been  denuded,  there  are 
three  separate  exposures  of  the  bed  e,  flanked  on  either  side  bj  the 
bed  d.  In  speaking  of  these  exposures  as  beds,  it  should  be  under- 
stood that  they  commonly  consist  of  a  series  of  beds  (lavas,  tuffs,  &o.). 

The  next  section  (fitr.  runs  in  a  S.S.E.  flireftion.  from  Littonary 
Down, across  ]ieatlifiold,to  Tanstock.  From  Mcatlier  toChurlhanfrer 
we  see  a  synclinal  disposition  of  the  beds,  which  dip  northwards  to- 
wards Loiwer  CShiUaton  and  Quether,  whUe  on  the  south  the  bed  e 
is  repeated  by  several  undulations,  and  is  then  succeeded  south  of 
Tavistock  by  what  I  believe  to  be  two  older  lava-flows,  lettered  re- 
spectively rt  and  h.  Tliese  four  series  of  })e(lfl  a,  6,  c,  and  represent, 
so  far  as  I  can  ascertain,  the  whole  of  the  Brent-Tor  volcanic  peries 
Buhjacent  to  the  stack  of  lavas  and  agglomerates  which  constitute 
the  tor  itself. 
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In  fig.  4  we  have  a  N.W.  and  S.E.  section,  passing  from  Littonary 
Down  on  the  north  to  i£ary  Tavy  and  Kidge  on  the  south,  and  just 
ontldiig  the  aoathem  boundary  of  Brent  Tor.  We  have  here  the 
hroadeet  part  of  the  Keathfleld  basm.  The  tozn-ofer  of  the  toI- 
oaoio  beds  e  at  IConkBtone  appean  to  be  a  probable  though  by  no 
means  a  certain  rendering. 

Sections  4  and  5  (figs.  5  &  6)  are  taken  in  a  N.W.  and  S.E.  direo- 


lig.  5.--JS€cthn  (4)  East  ofBrmU  Tor. 

Bowdon.  Croea  BomU. 


K.W. 


Ifig.  ^.^StUum  (5)  Mast  of  BrmU  T&r, 


W.  Lang- 
atone.  Rood. 


tion  through  the  little  triangular  aren  on  the  east  of  the  Brcnt-Tor 
fault.  Here  the  volcanic  bofls  c  and  (/  only  are  represented,  and  the 
flexure  and  northward  dij)  of  c  must  atriiin  he  taken  as  an  expedient 
but  not  ven-  trustworthy  version  of  what  may  possibly  occur  along 
thiB  line.  lA  drawing  these  seetiona  I  have  folly  aooepted  the  data 
fonnahed  by  the  Surrey  Hap ;  but,  from  a  abort  examination  of  the 
ground,  I  am  inclined  to  think  that  in  some  few  inetanoes  the  boon- 
dary  lines  are  not  absolutely  correct. 

Fig.  7  is  a  section  taken  a  little  west  of  north  through  Brent  Tor, 
ranging  from  Bowdon  to  Tavistock.  Here  the  whole  of  the  Ijreut- 
Tor  volcanic  series  of  lavas,  agglomerates,  tuffs,  ashes,  and  the 
aasMiiated  aediments  ia  shown.  The  fiiralt  is  also  indieated ;  and  the 
feeder  of  the  yoleano  is  represented  as  coincident  witii  tiie  fitmlt. 
The  denuded  portions  of  the  cone  arc  also  suggested. 

Fig.  8  is  a  chimrrra  which  embody  a  certain  amount  of  truth. 
Here  the  downcast  is  shifted  up  to  its  normal  position  :  we  seo  the 
old  furnace  in  full  blast,  and  its  long  undisturbed  lava-tlows  a,  b,  c, 
and  (i,  with  toffs,  ashes,  and  sediments  interbedded. 

The  UtUe  blade  hummock  represei^tB  what  remains  of  the  oiigmal 
cone. 

In  fig.  9  I  have  roughly  indicated  the  possiUe  relation  which 
may  exist  between  the  volcanic  scries  of  Brent  Tor  and  that  of 
Haltash,  the  granite  of  Kingston  Down  lying  about  halfway  between 
the  two  serias  and  pushing  up  the  intervening  bods  in  an  anticlinal 
Ibid.  The  dotted  lines  are  mere  soggestions  of  the  yast  thioknesa  of 
atnta  carried' firom  off  this  area  by  denudation.  I  have  also  indi- 
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eated  the  possible  altantioii  of  fhe  bomidaiy  liM  between  the 
Calm  series  and  the  DevoniaD  rooks. 


1%.  9^JHagrmn  to  illustrate  the  pomhle  Relation  of  As  Brmtr-Tor 
Vokanic  JSeria  with  that  of  ^Utash, 


(The  dotted  lines  indicate  rooks  now  reinoTe<l  by  denudation.) 
0.  CurbonifMoaa.  J).  Deroiuaib         G.  Qnmita  <rf  Hingston  Domu 


Hg.  10  is  an  attempt  to  show  in  a  diagrammatio  inanner  the  dowif 
throw  of  the  existing  portion  of  tiie  dd  Brent  Tor  Tolnmo  between 
the  two  &nlts,  which  were  first  deseribed.by  Dr.  HoIL  That  these 


lig.  10.  Diagram  to  iJJustraie  the  Manner  in  which  part  of  the  BreiU 

Tor  Volcano  has  been  faulted. 


A,  Chief  p:irt  of  the  cone.  C.  Fault  nmning  N.W.  &  8.B. 

B,  Part  of  iha  cone  fiuilted  down.       D.  Esidt  nmning  nearly  N.  &  8. 

faults  originated  as  radiately  disposed  fissnrss  emanating  from  the 
axis  of  Uie  oone  seems  highly  probable,  since  similarly  situated 
fissures  are  common  in  many  modem  volcanos.    From  thu  diagram 

it  -will  be  seen  that  by  far  the  greater  portion  of  the  cone  has  been 
long  since  removed  by  denudation.  A  considerable  amount  of  the 
downcast  part  must  also  have  disappeared,  leaving  only  the  mere 
mole-hill  from  which  I  have  endeavoured  to  reconstruct  the  moun- 
tain which  geologists  will  always  assodate  with  the  name  of  Sir 
Henry  Do  la  Beche. 

The  flue  of  the  volcano  wan  probably  situated  somewhere  along 
the  line  of  junction  of  the  two  faults.  The  sapeiior  portion  was 
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moft  likdj  denuded  togethflr  with  the  upcast  part  ef  the  ocme; 
while  the  remainder  may  either  be  faulted  heneath  the  preeeDt 

surface  of  the  ground,  or  may  possibly  be  represented  by  a  hasaUi 
which  occurs  at  the  foot  of  Brent  Tor  on  the  northern  side. 

In  dealing  with  the  preceding  questions  I  have  merely  expressed 
opinions  which  are  based  upon  a  fair  but  not  very  extensive  series 
of  facts,  all,  unfortimately,  which  we  have  at  our  disposal  at  pre- 
sent. More  must  he  leunt  eonceming  the  He  of  the  beds  bdbre 
we  can  speak  positively  upon  many  of  the  questions  raised  in  this 
paper.  There  yet  remains  much  for  geologists  to  work  out  in 
the  country  between  the  Tavy  and  the  Taraar.  In  speaking  of  the 
possible  relation  between  the  volcanic  series  of  Brent  Tor  and  that 
of  tSaltash  I  am  fully  aware  of  the  danger  of  basing  arguments  merely 
upon  lithologicsl  characters ;  and  I  should  he  hOk  to  assert^  heoanse 
two  series  of  rocks  were  identical  in  mineral  constitatlon,  in  stmetnre, 
and  in  mode  of  oceorrence,  that  they  therefore  belonged  to  the  same 
geological  horizon.  The  broader  questions  discussed  in  this  paper 
are  neither  to  bo  solved  by  a  few  weeks  of  desultory  stonc-breakijig, 
nor  by  a  life-time  of  speculation  based  upon  imperfect  data. 

More  facta  must  be  accumulated  before  we  can  thoroughly  un- 
dentsnd  the  stmotan  of  tiie  Sient-Xor  distiict 

BiBCUBSIOV. 

The  Pbbsidext,  in  returning  thanks  to  the  author,  stated  that  he 
had  met  with  amygdalddal  eayities«  due  to  the  giving  off  of  gases, 
in  some  of  the  diaer  slaty  ashes. 

Mr.  TnoupE  called  attention  to  a  specimen  of  lapilli  from  Brent 
Tor,  found  in  the  joints  of  a  limestone  at  Newton  Abbot.  He 
thought  these  proved  that  the  S.W.  wind  blew  in  Devonian  times. 

Prof.  Ha  MSA  Y  wished  to  ask  the  President  where  the  ftlates  with 
amygdaloidal  cavities  were. 

The  FsBsiDBirT  said  in  Cumberland. 

Mr.  Ethebidob  thought  that  in  the  area  treated  by  the  author 

the  junction  between  Devonian  and  Carboniferous  (as  marked  in 
the  Survey  ^lap)  was  brought  too  far  south,  and  that  these  rocks 
will  prove  most  valuable  as  indicating  tlie  boundary-line  here,  as 
in  Cornwall.  It  was  unfortunate  that  no  fosbils  had  as  yet  been 
discovered  in  the  area  under  notice. 

Prof.  HveHis  agreed  in  removing  the  boundary-line  iMher 
north.  He  was  perplexed  at  hearing  Mr.  Thorpe  speak  of  open 
&sures  existing  in  Devonian  times  in  Devonian  rocks,  and  still  to 
ho  seen.  He  pointe^l  out  that  the  material  was  arranged  vertically, 
as  in  a  calcareous  deposit,  not  horizontally  as  if  dropped  into  an 
open  fissure ;  and  he  asked  whether  Mr.  Thorpe  had  tested  the 
material  with  acid. 

Mr.  Thobis  gave  some  explanation  of  the  mode  of  oceorrenee. 

Prof.  BoNNKY  agreed  that  many  of  the  rocks  were  lavas,  but 
doubted  if  crushing  aeoounted  £>r  their  foliation.  A  foliated  structure 
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mig^t  come  from  reeistance  of  hard  amygdaloids,  cleavage,  alteration 
of  a  fluidal  structure,  and  deposit  on  a  fissile  face.  He  thought, 
perhaps,  the  In.st  the  most  probable  explanation  in  this  case,  as 
the  cavities  did  not  appear  materially  crushed. 

Prof.  MASKi^Y^iE  said  that  a  spongy  lava  saturated,  with  water 
▼hieh  had  no  ent  woold  not  neoeMarily  crash. 

Mr.  Bauebmak  agreed  that  these  rooks  ▼ere  small  UtTtrflows 
interstratified  with  shales.  He  compared  these  Breat^Tor  roeks 
with  the  Nassau  Schalstein. 

Mr.  J.  A.  PniLLirs  said  that  analyses  of  this  rock  showed  that 
the  lime  in  the  carbonate  of  Hme  had  been  derived  from  felspars. 
He  exhibited  a  specimen  of  Nassau  Schalstein.  Cornish  Schaktcin 
oontained  *64  per  cent,  of  phosphoric  add;  that  from  Nassau 
*57  per  cent.   Btaffelite  occurred  below  the  Nassau  Schalstein. 

The  AuxnoB  thought  that  Mr.  Thorpe's  specimen  was  not  a  vol- 
canic, but  a  calcareous  tufa.  He  thought  the  schistose  structure  due 
to  the  elongated  vesicles,  so  that  the  rock  split  along  the  planes  of 
least  resistance.  Prof.  Maskelyne's  suggestion  was  well  worthy  of 
consideration* 
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20.  On  lfA¥¥ATJ*w  BnfAnre  and  TaiB-iBuinn  in  Qvatbbitabt 
Sabds  (U  BsAsiNe.  By  Edwabd  B.  Pouitov,  Esq.,  M JL., 
of  Jems  GoUege,  Oxford,  Baidett-Gkmits  Seholar  of  the  Uni- 
retntj,  formerly  DemonBtrator  in  the  Biological  DeparfcmeBt  of 
the  UniTenity  Museum.   (Bead  January  21, 1880.) 

The  pit  furnishing  some  interesting  sections  to  be  described  in  the 
following  paper  is  sitoated  on  the  Bedlande  estate,  at  Beading,  a 

little  east  of  the  new  Grammar  School,  and  about  a  mile  south-east 
of  the  market-place.  The  pit  is  abont  halfway  up  the  south  slope 
of  the  conjoined  Thames  and  Kcnnet  valleys,  and  is  ^3G  feet  above 
the  river-levol.  It  has  been  worked  for  frravel  jind  sand  for  some 
years,  and  recently  for  clay  ;  and  the  gravel-bed,  from  10  to  15  feet 
in  thickness,  has  been  cleared  ont  oyer  an  area  276  feet  in  length 
from  north  to  south,  and  of  about  the  same  average  length  £rom 
east  to  west,  where,  however,  the  boundaries  are  irregular  and,  to 
the  east,  partly  effaced.  The  beds  exposed  in  the  north  face  are 
far  more  perfect  and  instructive  than  elsewliere.  Thi^  face,  about 
20-25  feet  in  average  height,  and,  where  completely  exposed, 
65  feet  in  length,  is  drawn  to  a  scale  of  -j^  in.  to  the  foot  in 
fig.  1. 

A.  About  12  feet  thick,  represents  the  jgrrnrels  and  reoeiii  strata  OKSrljinf 
certain  reconstructed  becU  of  sand  and  clay. 

(1)  1  foot  G  inches  thiek,  is  tha  niperflcial  alluTinm  oontainiiig  elements 
deriyed  from  the  \va?ite  of  the  jrravol  b'low. 

(2)  2  feet  6  inches  thick,  in  tramiUonal  between  the  alluvium  and  the  under- 
Iving  graTel.  It  eondsta  of  rouncfed  and  sabangolar  flints  aeattered 
tliinly  tlirough  a  ba«'  of  yellnw  clayi-y  h 

(3)  8  feet  thick,  ia  the  gravel  coutaiiiiug  bones  of  land-mam uiaha.  A  rough 
ttratifieation  is  apparent ;  and  there  ar«  some  intercalated  beds  of  saM. 
A  considerable  thickin'SH  of  this,  with  long,  ramified.  lat^'i-.-il  prolonga- 
tions, is  seen  about  the  centre  of  the  eijwsed  gravel.  There  is  a  large 
amount  of  ferruginoua  cement,  and  everywhere  a  deep  staining  of 
iranoaddOi 

No  river-shells  were  detected,  although  I  made  a  careful  search 
for  them,  assisted  by  much  earnest  inspection  of  kind  friends.  I 
found  a  flake  about  halfway  up  the  gravel-bed ;  but  this  may  have  , 
&Uen  from  the  higher  sUnvium,  altiliongh  this  derivation  appears  * 
doubtful,  because  the  vertical  face  of  the  cliff  affords  such  slight 
opportunity  for  lodgment*.  The  elements  of  the  gravel  are  derived 
from  the  following  sources,  in  the  order  of  their  relative  preponder- 
ance : — 

(a)  Chalk:  Subangiilar  liiuts,  derived  from  the  waste  of  the 
ohalk,  are  the  chief  oonstitaents  of  this  gravel.   Some  few  are  quite 

*  Since  writing  tlie  above  another,  more  perfect  flake  was  ft)und  by  me  (April 
8th)  on  a  gravel-path  near  the  pit.  The  gravel  ceriniiily  came  from  the  pit ; 
and  it  is  highly  probable  that  the  flake  was  carried  with  it.  Neither  of  the  »i)e- 
ciii  n  ?  aoM  reftmd  with  oertainty  to  either  the  KooUthio  or  the  Palaohtnie 
period. 
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unworn  and  have  sharp 
•  edges;  they rnnsl; Iulto been 
transpoztea  by  floating  iee- 
blodLB  and  so  have  escaped 
rolling.  Flint  casts  of  Ati" 
anchytt'S  and  CrdJeriUs  are 
tolerably  common  ;  and  one 
good  example  of  a  \'ontri- 
onlite  was  fonnd.  Of  the 
more  perishable  oonstituents 
of  the  Chalk,  a  few  rounded 
TKxlules  of  hard  chalk  and 
a  worn  fnigmcnt  of  Ino- 
c<;/  </;/H/s-shell  were  found. 

(/3)  Tertiaries.  There  is 
a  considerable  proportion  of 
rounded  flints  derived  from 
the  destruction  of  these 
beds.  A  fair  specimen  of 
Ostrea  htllovacina  from  the 
same  source  was  also  found. 

(y)  Hiyh-hvel  graveU. 
Th^  occun,  tidnly  aeat- 
tered  through  all  parts  of 
the  gravel,  a  small  propor- 
tion of  rounded  quartzifce 
masses  derived  from  the 
waste  of  the  high-level  gra- 
▼eb  once  formed  an 
nnintemipted  layer  across 
the  then  unezoaTated  valley. 

(f)  Occasional  deyneids 
transported  from  a  dn^iance. 
Worn  fragments  of  Ostrea 
(chiefly  0,  dilatata)  occur ; 
and  one  worn  Nertnam  was 
found  from  the  Oolites  near 
Oxford.  A  small  piece  of 
blue,  fissile  limestone,  when 
broken,  showed  the  charac- 
teristic structure  of  Forest  ^Marble.  This  must  have  been  carried 
41  miles  if  derived  from  the  nearest  source,  Islip  on  the  rhw 
Ray,  and  if  it  Hollowed  the  general  direction  of  the  riyer-Yalley 
without  taking  tiie  sinaoaB  curves  of  a  river. 

This  description  holds  good  for  all  the  gravels  of  the  four  faces  of 
the  pit.  Tlie  west  and  north  are  still  well  seen;  the  east  and  south 
are  now  entirely  covered  upw 

B.  The  reconstnictKl  bwls,  about  9  ftst  thick.    Tliese  consist  of  Tertiary 
elements  (Woolwich  and  Beading  Iwdi^  and  to  10106  extent  the  baaemeut 
a.  J.  G.  S.  1(0. 142.  X 
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bedt  of  the  London  Clay)  altered  and  Teemnged  by  flimatale  agency  and 
interpenetrated  by  river-gravels  and  with  bones  of  land  Mammalia  and  tree- 
trunks.  At  either  end,  east  and  west,  of  this  north  face,  recoastructed 
clays  intervene  between  a  thick  bed  of  eand  and  the  supt^riniposed  graydf. 
Centrallv.  howovor.tiie  days  are  absent,  and  the  gravi>l  :nu\  snnd  come  into 
contact.  Ht  rt>.  liowever.  in  the  lower  part  of  the  gravel  alight  indications 
of  the  day  may  often  be  found,  but  no  regular  layer.  To  tne  eeafcend  df 
the  aeetion  many  layers  of  intermixed  obj,  land,  and  graTel  intervene 
between  the  gravels  and  snnd,  forming  the  group  of  beds  marked  a  (1,  2, 
S,  4)  in  fig.  1,  while  the  west  gravels  and  sand  art-  fn-parated  by  only  OOO 
•nbrnviaion,  the  equiralenk  of  the  eastern  uppei  tno^l  layer,  and  therefore 
marked  a  (1).  The  ohanusters  of  the  reooiutructed  olaya  (beda  a)  are  aa 

followa: —  XI  .a  1  « 

(1)  2  feet  thick,  east  and  weet  «de.  Large  fragments  of  motUed  daya  from 
the  \\]>\yeT  part  of  the  Woolwich  and  Reading  bods.  These  are  entirely 
unstraiifieoCand  there  is  au  irregular  intermixture  of  rounded  flints 
(from  waste  of  Tertiarica)  and  aubangnlar  ones  (from  dialk).  Above, 
this  1  l  assea  into  the  gravel,  with  no  dofinile  line  of  demarcation,  by 
the  prudual  cessation  of  the  clay  maaaea.  Additional  proof  of  the  Poat- 
glacial  and  fluviatile  origin  of  thia  layer  ia  found  lo  a  few  ronnded 
quartsite  masses,  from  the  high-level  gravels,  wliioh  were  takf n  from 
its  lowest  part.  In  otic  part  of  this  bed  on  the  west  aide  the  claj 
masses  more  resembb  thuso  ut  (2)  layer  in  being  finely  broken  and 
alightly  Uuninake. 

(8)  1  foot  O  indies,  east  side.  Finely  broken  raottVd  clayp.  .slightly  stratified 
and  oontaining  fragment*  of  bivalve  elielU.  The  stratilication  and  shell- 
fragments  are  entirely  quatemarily  imposed  characters,  both  completely 
absent  in  the  Tertiary  clay  from  which  the  bed  was  derivwl.  The  shells 
are  so  fragmentary  that  identification  ia  impoaaible  ;^  their  jjeneral  ap- 
pearance, however,  is  endi  aa  to  render  proDd>le  their  origm  from  the 
&isement  beds  of  the  I^>ndon  Clay,  which  crop.=i  out  higher  up  tlic  ^lope. 
The  last  4  iiiclies  of  thia  layer  graduate  into  a  yellow  sand  overlying  the 
white  gaud  {'■>).  Scattered  flint  pebblea  ooeur  thinly  throughout  the 
layer. 

(3)  <)  ini  hc^^  tliicls",  east  side.    Fine  whit©  sand. 

(4)  0  inches  thick,  east  side.  Coarse  fragment*  of  mottled  day,  roughly 
ffcratifitd,  and  with  white  sand  between  tlio  layers.  Gravel  is  proaent, 
eapeoiaUy  in  the  k>«eat  part^  OTerlying  the  thick  bed  of  sand  (6). 

These  four  beds,  aboy^  described,  thicken  out. eaifcward;  while  to 
the  west  the  lower  ones  rise  to  the  surface  of  the  sand  (6),  and  thoy 
all  die  out  between  it  and  the  gntrel.  Each  of  the  four  thins  away 
at  this  point ;  and  there  is  a  tendency  towards  their  coalescence  or 
interlami nation,  especially  in  (2)  and  (:\).  Thcf^c  beds  indicate 
powerful  and  rapid  eurronts  tran-^pcirtinf;  the  materials  from  the 
Toitiary  clays  higher  up  the  slope,  and  cutting  away  the  sands  pre- 
viously deposited  by  gentler  aqueous  agency.  The  loweet  bed  (4) 
on  the  east  ride,  and  (1 )  on  the  west*  overlie  the  sands  quite  uncon- 
fonnably,  the  lamina)  of  the  latter  being  cut  through  my  sharply. 
The  currents  must  hav(^  bc^en  very  powerful  to  remove  masses  of  the 
extremely  tough  and  8liff  mottled  clays.  They  cannot  have  been 
long  continued,  or  the  clay  masses  would  not  have  been  angidar 
but  would  have  been  furtluT  disiutegrat-ed  and  redepositcd  else- 
where, losing  the  readily  apparent  characters  by  which  their  origin 
is  at  once  seen.  The  broken  lumps  are  of  exactly  the  same  colour 
and  structure  as  the  undisturbed  beds  higher  up  the  slope.  The 
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foroe  of  tiie  aquoouB  agency  is  further  seen  in  the  steep  incline  on 
which  the  beds  am  deposited;  depoeitiou  in  oompontiTely  still 
▼liter  wovdd  him  prodneed  horisontality  in  the  strata. 

(6)  This  stratum  oonaists  of  a  bed  of  sand  9  feet  thick  whwe  it  extendi  up* 
narda  to  the  gravels  with  no  interTening  clays.  Its  base  is  not  seen  m 
this  north  face  ;  for  wntcr  is  reached  at  the  level  drawn  on  (he  f»ection.  It 
is  derived  mainly  from  the  deetructiou  of  the  "  fiuff  Sands "  of  the 
Woolwiofa  and  Baidiiig  wriea.  The  aands  are  generally  white,  bnt  ofteito 
yellow  or  orange,  from  ferruginoufl  Ht.iinitip,  especially  near  the  in- 
cluded tree-trunks,  one  of  which  often  discolors  the  sand  for  a  few  feet 
round  it  The  Mmd^grains  immediately  ■orroanding  the  tranln  sra 

often  bound  togother  into  an  extremely  hnnl  cnn:;!ninf'rate  by  a  ferrugi- 
nous cement ;  and  the  whole  is  feaerallj  finulj  adherent  to  the  trunk 
ittfllf.  Small  pebblee  oeoaaioiMUly  ooonr  in  the  mida.  The  iHiole  bed 

gives  one  the  impression  that  it  was  subject  to  long-continued  but  gentle 
uviatile  action,  as  compared  with  the  claTS  above.  The  condition  of 
the  bones  found  in  this  bed  is  in  favour  of  tbia  view ;  for  they  are  very 
waterwom  and  yet  unbroken,  while  those  of  tlie  gravel  above  are  often 
hrokon  •'linrply  but  their  surfaces  are  far  more  perfect.  Curioiijily  the 
sliiliiiig  cun-fiits  u!id  eddied  of  fluviatile  deposition  have  produced  a 
result  strikingly  like  the  original  "BaffSaaas**  from  which  theee  beda 
were  derived.  The  general  irregular  rtrrangeruent  of  the  bedding  only 
is  given  over  the  main  nart  of  the  section  (altliough  the  imbedded 
phmt-remaina  («)  ezpoaea  in  the  fine  are  aoflontely  placed);  bat  to  tha 

west  and  l)^-1nw,  a  scries  of  beds  showing  Um  obii^QB  iaminatifflM  TWry 

distinctly  are  drawn  curef'uUy  to  scale. 

The  beds  are  lettered  in  the  order  of  their  deposition. 

(a).  The  first  deposited,  and  forming:  tho  ftxia  of  the  gronp,  is 
horizontal,  and  was  therefore  probably  thrown  down  in  compara- 
tively Btill  water.  The  laminsB  are  of  coarse  yellow  and  white  sand, 
becoming  deeply  orange  from  fermginotti  eMOUring  in  some  parts. 
Small  pehhles  aie  common ;  and  there  are  thin  laminated  day  seams 
In  the  lower  part  and  to  the  west— additional  proofs  of  the  gentle 
aqncous  agency. 

(h).  Then  followed  swifter  currents  from  the  east  and  directed 
downwards,  cutting  away  the  west  part  of  (n),  so  that  its  laminae 
terminate  abruptly  in  a  slope  of  4o°.  Against  this,  as  the  current 
became  gentler,  the  bed  (&)  was  deposited  of  fine  iriiite  sand,  below, 
coarse  abore. 

{c)  and  (d).  Then  cnrrents  from  the  west  eat  away  (h)  and  (a) 

nearly  horizontally,  and  (r)  and  (ff)  were  deposited  on  them. 
These  are  of  very  tine  white  sand.  There  is  an  unconfonn ability 
between  (r)  and  {d)  to  the  west,  caused  by  some  change  in  the 
current  after  (c)  was  thrown  down.    East,  they  form  one  bed. 

(e).  After  tide,  more  rapid  eonents  from  the  west  removed  the 
east  part  of  (d)  and  (a) ;  and  on  the  steep  elope  thus  formed  tiie 
fine  white  sand  forming  the  bod  (r)  was  deposited.  In  its  lower 
part  a  few  nni^nlar  lumps  of  bluish  clay  occur,  evidences  of  the 
rapidity  of  the  currents,  probably  derived  from  the  destraotion  of 
the  "  Leaf-bods." 

(/).  Finally  gentler  currents  from  the  west  planed  off  the  tops  of 
(b)  (il)  and  (e),  and  on  them  deposited  the  laminated  san^  cky 
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(/).   This  oontainB  traces  of  vegetable  matter  in  wbioh  no  sfeniotiife 

can  be  made  out ;  and  there  is  much  oxide  of  iron  in  the  layers  and 
concentricnlly  laminated  nodules.  I  found  in  this  clay  a  fow 
rounded  Hints  still  retaining  their  green  coating  and  thus  proving 
that  the  materials  had  partially  been  derived  from  the  lowest  bed  of 
the  Woolwich  aud  lieadiug  series,  the  layer  of  green-coated  dints 
just  above  tbe  Chalk.  This  rendered  probable  the  view  that  the 
laminated  day  itself  was  derived  from  the  destruction  of  the  Leaf- 
beds,  wliich  occur  just  above  the  green-coated  flints  in  the  undis- 
turbed Eocene  strata.  The  clay  much  resembles  that  of  the  Leaf- 
beds  in  its  blue  colour.  The  sandy  intermixture  is,  of  course,  a 
neN\'ly  imposed  character  given  during  the  redeposition  among  these 
beds  of  sand.  The  clay  is  horizontal  west,  but  east  it  descends  a 
steepish  slope ;  and  towards  the  bottom  of  this  a  large  tTee-^tnink  («) 
is  seen,  partially  enclosed  in  the  clay,  and  exposed  in  transverse 
aeotion.  The  relation  of  the  tree-trunk  to  the  slope  gives  the  im- 
pression that  this  water-logged  mass,  rolling  down  under  the  slow 
action  of  the  current  from  the  west,  has  been  the  cause  of  the 
cutting  away  of  to  a  slope,  while  further  west  the  beds  (6 )  and 
(d)  are  planed  off  boriionteUy.  Further  probability  is  given  to 
this  view  by  the  taei  that  east  of  the  tnink  &e  day-band  again  be- 
comes horizontal  before  it  dies  away,  in  a  few  feet. 

Imbedded  Jiemaint,  These  have  nearlv  all  been  found  in  the  ex- 
cavations  at  this  north  face  ;  and  hence  the  whole  orp;anic  remains  of 
the  pit  arc  best  described  here,  since  notliing  dilferent  has  been 
found  in  other  parts.  Omitting  the  indicatiou  of  man  by  the  flake 
probably  belonging  to  the  gravel  (A),  the  remains  of  the  pit  are  of 
three  kinds  Mammalian  bones  and  teeth,  tree-tronks,  and  draived 
diells. 

Mammalian  7^cnm?')?,s\  Tliesc  have  been  partly  found  in  the  gravel 
(A)  and  partly  in  the  sand  (  h).  Many  were  found  in  the  laminated 
coarec  sand  marked  (a)  to  the  west  and  below,  thus  occurring  quite  8 
feet  below  the  under  surface  of  the  gravel  (A).  The  bones  and  teeth 
weie  distributed  in  various  directions  to  different  collectors ;  and 
those  from  the  gravd  and  sand  have  been  indiscriminately  mixed. 
The  difference,  however,  is  generally  easily  recognizable,  mnains 
rom  the  gravel  being  broken  rather  than  waterwom,  usually 
stained  yellow  with  iron  oxide,  and  sometimes  still  showing  the 
smaller  constituents  of  the  gravel  adherent  to  their  surface,  w  hile 
those  from  the  sand  are  more  waterwom  and  whiter.  In  some 
oases  .1  have  direct  testimony  as  to  the  beds  in  which  they  were 
found.  The  identificatifm  of  tiie  sin^cies,  or  even  in  some  cases 
naming  the  bones,  wjis  extremely  difficult ;  but  putting  together  the 
characters  of  the  bones  and  teeth,  the  following  list  was  made  out, 
and  may  be  taken  as  trustworthy : — 

ElEPHAS  PKIMK.EXirS. 

(1)  Two  perfect  molar  teeth  of  young  individual  between  sand  (b)  and  gravel 
(A),  also  fraginents  of  teeth  from  gravel 
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(2)  Portion  of  iefl  scapula  with  part  of  glenoid  oarity.    Qravel  (A). 

(8)  Prorinial  epiphysis,  with  articular  mir&oe  iiitMk»  <^  one  of  Hm  lint 

phalan^  of  right  hind  f(X)t.    From  sand  (i). 
(4)  Many  fragmenta  from  gravel  are  evidently  Etq»kaa  from  their  eiz^  but 

tbej  are  miidfintiflaWft, 

Bos  Fimifliinui. 

(1)  Right  scaphoid,  in  good  Qondttton.  Sand.  ^ 

(2)  Bight  distal  artioolar  ntnaltj  of  ri^t  msiaearpal  or  metaUra^' 
Suid. 

(3)  One  of  the  kit  donal  inertebne  of  a  young  indiyidoal,  the  poslsrior 
epiphysis  Imbii||^  ket.  (Sand  ?)  This  broken  speeimen  eaa  only  be  ean> 
sidered  apprtminafcely  identiiied. 

Eqvcs  possius. 

(1)  Two  molar  teeth  and  goriu*  fmLniK  riN.    One  certainly oamefrOUlbetwSMi 

the  sand  and  gravel ;  the  rest  are  undecided, 
(.2)  One  of  the  last  two  lumbar  yertebra,  mudi  water  worn.  (Sand.) 

(3)  First  phalanx  (?).  Gravel. 

(4)  Froiinml  half  of  left  metacarpal,  very  small  spedmen.  Between  sand 

and  graveL 

BniHocxios  ncaoaHiinrs  (?). 

A  portion  of  the  articular  Kurfaco  of  an  astragalus  shows  undoubted  peris- 
sodactyle  characters,  and  is  too  large  and  shallow  for  Egnua*  It  may  be  Bki' 
noeerog.  (Gravel.) 

For  the  loan  of  the  specimens  from  which  the  above  list  has  been 
made,  or  for  informatiou  on  this  subject,  1  have  to  thank  Mr.  F.  W. 
AadreweB,  of  Clirist  Church,  Oxford ;  Mr.  C.  H.  Annstrong, 
fHai^e  Stieei,  Beading;  and  Hr.  Walter  Palmer,  of  The  Aeadas, 
Heading.  In  some  of  the  most  difflenlt  identifications  I  have  to 
thank  Prof.  Flower,  and  Mr.  Jackson  and  Mr.  Kobertson  of  the 
University  Museum,  for  much  kind  hcli),  and  above  all  Prof.  Eol- 
leston  for  the  use  of  the  sjdendid  collection  of  cnm]»arative  osteo^ 
logy  and  for  the  teaching  that  1  have  had  in  that  subject  in  his 
department  dnring  many  yean. 

Tree-trunks.  These  occurred  in  the  sand-bed  B  (h)  ezoIiiBively,' 
and  chiefly  in  its  lower  part  Those  at  present  exposed  in  the  face 
are  seen  in  fig.  1  (.v,  .r),  generally  in  transverse  section.  The  trunks 
are  afoot  or  more  in  diameter,  and  some  of  them  several  feet  in  length. 
They  are  always  horizontal,  and  had  probably  been  carried  down  by 
the  stream  from  some  distant  locality,  as  1  could  never  detect  any 
traces  of  lateral  branohes  or,  indeed,  any  indications  of  bark.  The 
ttmctnre  is  very  much  obscured  by  the  iron  oxide  with  whidi  they 
are  impregnated.  All  attempts  to  render  the  tissue  transparent 
failed  :  nnd  hence  some  siliceous  rcplacrmcnt  is  probable  together 
"With  the  iron,  fiometimes  the  wood  is  friable  or  even  pulpy,  some- 
times extremely  hard  and  interpenetrated  by  quartz-grains  in  a 
fermginous  matrix.  At  first  the  attempt  was  made  to  grind  sec- 
tions of  this  indurated  part ;  bnt  much  labour,  with  a  very  doubtful 
prospect  of  success,  was  saved  by  examining  the  softer  tissue  as  an 
opaque  object  by  reflected  light.  Some  less-altered  fibres  from  the 
centre  of  a  maps  of  wood  whose  periphery  was  quite  obscured  by 
iron  oxide  were  chosen  lor  examination.   This  central  tissue  split  up 


Digitized  by  Google 


302 


a.  9,  povxaov  cm  vkinkUkv  Bnum  avd  nn- 


readily  into  its  component  fibres  on  being  merely  touched  with  the 
needle ;  and  these,  when  examined  with  a  2\o.  4  Hartnaek,  in  the 
manner  mentioned  aboye,  showed  all  the  eharaotorutic  appearanoee 
of  the  tissue  of  Piwa,  Fragmenta  of  the  medullary  rays  were  seen 
quite  distinctly  croesing  the  pitted  vessele  at  right  angles.  I  have 
to  thank  Prof.  Lawson  for  his  kind  help  in  woriong  at,  and  making 
out  the  structure  of,  the  wood. 

Derived  JUinaim.  Between  the  sand  and  gravel,  where  these 
oome  into  contact  and  the  clays  are  absent,  a  curious  admixture  of 
deriyed  and  proper  remains  ooonrs.  As  shown  in  the  above  list,  teeth 
of  horse  and  EUphas  and  a  bone  of  horse  weie  fonnd  here ;  hut  with 
them  were  the  following  derived  remains : — 

(X\  (htrta  aiaiata,  from  the  Oolites  at  Oxford,  abundant  bat  worn. 

(2)  Worn  fragments  of  Inoceramus  firom  the  CkuSk ;  and  a  won  Behronitey 
probablj  from  the  same  source. 

(3)  Ostrea  bdlovacina  from  the  Woolwich  and  Beading  Series.  Abundant 
and  perfect. 

(4)  Shell-masses  from  the  basement  beds  of  the  London  Clay,  with  many  d 
the  shells  still  very  perfect  and  recognizable  {Safka,  I'ectuncuius,  &c.). 

This  heterogeneous  collection,  found  at  one  liorizon  only  in  the 
deposits,  serves  to  indicate  the  diverse  and  widely  separated  strata 
from  which  the  bed  has  been  formed. 

I  was  anxious  to  procure  the  entire  section  of  this  interesting 
and  very  peiftet  fiice,  and  thus  to  gain  a  complete  knowledge  of  all 
the  beds  over  the  Chalk  at  this  point.  However,  on  digging  at  the 
base  of  the  saxids>  water  came  in  at  aU  points  along  the  face.  This 
is  held  up  by  some  clay-bands  a1y)ve  the  Chalk  :  and  their  top  was 
reached  by  the  spado.  The  clay  may  be  the  reconstructed  J^'af- 
beds,  or  perhaps  these  beds  continued  under  the  reconstructed  sands 
in  an  unaltered  condition.  The  sand  was  so  full  of  water  at  this 
level  (about  1  foot  beneath  base  of  oliff)  that  we  oonld  not  com- 
plete the  section.  Hence  in  fig.  1  the  fiiee  terminatea  below  in 
a  water-line.  To  reach  the  Chalk  we  choso  a  spot  78  feet  south  of, 
and  at  rip:ht  angles  to,  the  cast  end  of  the  north  lace,  p\9,t  niulcr  the 
imperfect  and  irrecrular  east  face  of  the  pit.  Here  we  suffered  no 
inconvenience  from  the  water,  and  the  Chalk  was  reached  in  about 
5  feet.  The  pit  waa  dug  by  Mr.  F.  W.  Andiewes  (my  friend  and 
fiunner  pupil)  and  myself ;  and  I  must  express  my  hearty  thanks  to 
Ifr.  Andrewes  for  his  help  in  the  really  consmeraUe  labour  of 
ontting  through  the  stiff  clay,  as  well  as  for  many  other  services 
in  connexion  with  this  work.  The  owner  of  tlie  jtit,  Mr.  AVinter, 
kindly  gave  us  permission  to  do  as  wo  liked,  and  alfordcd  us  every 
assistance  in  his  power.  The  pit  sunk  was  5  feet  long  by  2  feet 
wide ;  and  the  Ghialk  was  seen  at  a  point  5  feet  4  inches  below  the 
giei^est  depth  reached  by  the  men,  and  as  nearly  as  possible  80  feet 
from  the  surface.  Careful  measurements  of  the  bods  dug  through 
in  the  pit,  and  tho'^c  above,  gave  tlie  following  results.  The  dotted 
vertical  line  (Aii^  in  %.  2  shows  the  sectiou  here  described : — 
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Qnatenuttj. 


Tertiary 
(Lower  Eocene).  - 


SsoondMy. 


ft*  in* 

A^Juriunt  avd  conetaltigrwMl   .........   6  8 

Gravel  exposed   •   10  0 

StetHutmettd  <^i^   absent. 

Jiecon-iirttcted  .sands   8  8 

1.  Laminated   dai/s  (blue,  yellow  and 

grey,  with  plant -remains)   1  1 

2.  Sana  and  thin  cUty    2 

bluer  tlian  1,  but 

7 
3 


3.  Laminated  datji^  ("bluer  tlian  1,  but 

with  plant-ri  juaiii8  as  there)   

4.  Yellow  sand  (with  an  indurated  ftmi* 

eiuoiis  layer  bilow,  1-2  in.)  

6.  liomogeneous  blue  day  (non-lamiuate, 
with  concretioni  of  iron-pyrjtet  and 

a  little  T(>2t>tablp  matter)    2 

Greertrcoated  pebbles,  and  sand  (no 
foirili)  .......fill......  


2 


Totel    29  11^ 

2,—JMahle  Section  ef  Junetion  heiwem  Tertiartf  Bedt  and 
QwsUmary  reconatrueUd  Beds, 

! 

s 


a,  Beooustructed  beds.  b.  Woolwich  and  Beading  beds. 

0.  Umaltand  TertiaKy.  ' 

Tlio  jrroiip  of  beds  A  and  B  correspond  in  this  ivist  face  to  the 
gravels  and  recent  strata,  together  with  the  rccoiK-tructed  quater- 
nary scries  of  %.  1  (A  and  H).  Beneath  this  tlie  beds  numbered 
1  to  o  (C)  were  met  with.  At  the  point  where  these  were  lirst 
zeadied  aU  evidences  of  xeoonstnictioii  oeased ;  there  was  no  inter- 
miztore  with  riTer-gravels,  no  imbedded  Post-tertiary  remains,  no 
disturbance.  The  laminated  clays  1  and  3  obviously  represent 
the  "  Loaf-beds "  discovered  by  Prof.  Prcstwich  in  the  cutting  of 
the  G.  W.  It.  line  to  Newbury  and  Jiasingstoke.  There  are  none  of 
the  delicate  impressions,  however,  shown  in  the  latter  beds  in  that 
locality  or  at  Katesgrove.  The  position  of  the  bedd  C,  just  over  the 
green-coated  pebbles,  D,  is  also  indicatiTe  of  thdr  conwpondeiloe 
with  the  Leaf-beds. 
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The  whole  series  1-5  probably  oorresponds  to  the  Leaf-bede,  with 
a  tittle  local  yaiiaiaon.    Beneath  the  bed  D,  and  covering  the 

Chalk,  was  a  flat  flint  so  traversed  by  vertical  fissures  that  it  was 
easily  removed  in  cubical  blocks.  It  extended  over  tbe  entire  bottom 
of  the  pit,  and  was  therefore,  as  far  as  we  sjnv  it,  5  feet  x  "2  feet  in 
area,  and  about  0  inches  thick.  At  the  sides  it  w;i.s  continuous 
under  the  green-coated  pebbles ;  and  thus  we  could  not  Hud  its  true 
■ue.  Bat  while  ^  undistnrbed  Tertiaiy  beds  thus  nnderiie  the 
sands  and  days  exposed  in  the  east  fuse,  the  latter  are  reconstracted 
quaternary  beds,  although  their  lowest  part,  jnst  above  the  Leaf- 
beds  may  be  uiMlisturhrd  :ind  Tertiary,  as  shown  in  fig.  2,  at  the 
line  A  to  li.  In  nearly  the  whole  height  of  this  eastern  exposure 
of  sand  (about  b  to  ]<>  feet),  and  along  its  whole  length  ( 1;")!  feet), 
irregular  bands  of  clay-fragments  occur,  sonic  still  angular  and  re- 
taining all  the  appearance  they  presented  when  the  riTer-corrents 
detached  them  from  the  unaltered  Tertiary  beds  higher  up  tiie  slope 
and  transported  them  to  this  spot.  Above  the  sand  in  the  east  fiioe, 
as  in  the  north,  the  rernnstnuted  mottkd  clays  intervene  in 
patches  between  the  sand  and  gravel.  These  clays  are  largely  in- 
tersected by  bauds  of  gravel,  and  contain  scattered  pebbles.  There 
is  none  of  the  lamination  observed  in  the  north  face.  Tracing  these 
leoonstnicted  beds  of  the  east  face  southward,  towards  the  series 
from  which  they  were  derived,  they  disappear  beneath  a  vast  pile  of 
rubbish;  and  no  indication  of  the  transition  is  afforded.  Neverthe- 
less our  pit  at  the  base  of  this  east  cliff  proved  that  the  lower  beds 
of  the  Tertiary  series  are  eontinurd  unaltered  under  these  derived 
strata ;  and  therefore  the  transitional  line  was  then  reached,  as  shown 
in  fig.  2.  The  west  face,  shorter  but  well  exposed  (83  feet  6  inches 
long),  is  also  reconstructed  as  fiir  as  it  can  be  seen;  and  its  south 
end  affords  no  hint  of  the  transition. 

In  tlie  south-west  comer  of  the  pit,  the  sands  have  been  exposed 
far  south  of  the  extrmie  southward  extension  of  the  west  fare  of 
sand  (for  the  gravel  is  tirst  worked  indcjx'ndently,  and  cleared  out 
over  a  much  greater  area  than  the  sand)  ;  and  here  too  the  beds  are 
reconstructed.  Therefore  the  tranutional  line  cannot  be  looked 
fat  anywhere  shrng  the  westward,  north,  and  south  limits  of  the 
pit. 

On  the  other  hand,  furth<'r  east,  at  the  base  of  the  former  south 
face  (  now  a  slope  of  turf  ),  tlie  men  worked  a  In-d  of  homogeneous 
clay  fcr  some  little  time  for  briek-making  ;  and  in  the  sands  below 
they  found  no  tree-trunks  or  bones,  and  there  was  no  evidence  of 
disturbance.  The  unfoesiliferouB  character  of  the  clay  and  the 
oblique  lamination  of  the  sands  were  distinct  and  characteristic. 
This  south  point  is  270  feet  from  the  north  face.  In  this  distance, 
therefore,  to  the  south,  are  the  unaltered  mottled  clays  and  Itutf 
Bands  of  the  Woolwich  and  lieading  scries,  while  to  the  nortli  are 
reconstructed  beds  of  the  elements  ol'  these  strata  intermixed  with 
the  remains  of  a  more  recent  period. 

Somewhere  south  of  the  present  exposure  of  the  east  face  is  the 
line  of  junction,  which  may  have  been  in  the  form  <tf  a  bw  cliff  or 
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slope,  of  which  the  base  was  prolonged  horizontally  under  the  re- 
constructed bed  (as  seen  in  our  pit),  gently  rising  to  the  south  as  it 
approached  the  cliff.  Fig.  2  b  a  seotion  of  the  probable  transitional 
Ime  with  fhe  beds  north  and  soutfa  of  it   Such  a  line  would  be 

reached  if  the  east  face  were  •exposed  up  to  the  sonth  face.  The 
line  of  junction  is  dotted  in ;  for  its  exact  direction  can,  of  course, 
only  be  surmised.  The  irregularity  in  the  junction  between  the 
unjiltered  and  reconstructed  beds,  as  shown  by  the  latter  extending 
further  south  at  the  west  side  of  the  pit,  is  only  to  be  expected 
when  it  is  remembered  that  the  tarantttioDal  line  represents  the 
sinnons  margin  of  a  river,  and  any  little  bay  indenting  the  bank 
would  carry  the  reconstruction  into  the  ooncavity. 

The  relation  of  all  thoso  beds  exposed  in  the  pit  to  the  whole 
south  slope  of  the  river-v;dley  is  well  seen  by  ascending  the  incline 
to  the  limits  of  the  Kcdlauds  estate  (south).  The  arrangement  is 
shown  in  a  diagram  in  lig.  3 ;  and  the  outcrop  of  the  beds  there 

Fig.  3. — Diagrammatk  SecHcn  ofStnUh  Bank  of  Rwer-vaUey, 

(Slope  greatly  exaggerated,  rise  79  ^set  in  about  I  mile.) 
V.  8. 

Birer     Biver  Kt-con^tructed — 


a.  Alluvial  plain. 

b.  EiTer-gra>el. 

e.  Higb4efel  grarel. 
d.  Basement  beds  of  Londono 
clay. 


e.  l^fdtflKl  claja. 
/.  liull'  sanda. 
Q.  Leaf-beds. 
A.  Greeu  fli&tl. 
i.  Chalk. 


Woolwiclj  and 
Beading  Series. 


drawn  can  ho  ycrified  quite  satisfactorily.  The  gravel-bod  (A  in 
fig.  1  )  is  .seen  to  lielonj^  to  the  general  system  of  the  river-gravels. 

South  of  the  pit,  ascending  the  slope,  these  gravels  thiu  off  and 
leave  the  motUed  clay  exposed  at  the  surface ;  higher  up  these  beds 
are  covered  by  the  basement  beds  of  the  London  Clay,  which  were 
well  exposed  in  digging  the  foundation  of  a  house  near  the  top  of 
the  slope.  The  basement  beds  are  again  cap])ed,  at  the  summit 
(70  feet  above  the  river),  by  the  entirely  iinstnititied,  unfossiliferous, 
high-level  gravels,  consisting  of  a  large  proportion  ol'  rounded  quart- 
zite  masses  and  subangular  tiiuts. 

Thns  the  south  slope  of  the  rlTer-vaUey  at  the  Bedlands  estate, 
affords  a  very  perfect  example  of  a  typical  yalley-slope,  and  in  ad- 
dition  presents  the  more  exceptional  appeuances  of  the  reconstruc- 
tion of  the  Tertiary  beds  by  fluviatile  ngency,  in  such  a  manner  that 
the  easily  removable  elements  of  the  hitter  remain,  though  altered 
in  strnctnre  and  intermixed  with  the  organic  and  inorganic  remains 
of  very  different  ages  aud  ^tidely  diverse  condiuuus.    And  the  sec- 
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tions  in  this  pit  add  another  to  the  scnttered  evidences  that  occnr 
at  intervals  along  the  valley  of  the  Thames,  proving  the  existence  in 
some  Postglacial  time  of  a  larger  river  occupying  its  valley  and 
flowing  at  a  level  from  20  to  30  feet  higher  than  the  present ;  and 
in  some  parte  of  the  pit  the  beds  sreto  perfeofe  aa  to  afford  eyidenoe 
of  the  dizeetion  even  of  the  minor  currents  of  the  river,  while  the 
organic  remains  give  ub  valuable  proof  as  to  the  faana  and  flora  that 
lived  on  its  hanks.  AN'hen  my  attention  was  fin=!t  dirertod  to  this 
pit,  I  perceived  to  sonn>  cxfoiit  the  interesting  nature  of  the  recon- 
struction, and  sent  a  short  account  of  it  to  Prof.  Prestwich  ;  and  he 
very  kindly  came  down  and  Tinted  the  pit,  and  pointed  ont  that  the 
reoonstmotion  was  even  more  extensive  than  I  had  imagined.  I  fid- 
lowed  out  his  kind  suggestion  and  made  drawings  of  the  best  sections, 
and  took  careful  notes  of  all  parts  of  the  pit :  and  from  these  and 
the  specimens  I  have  been  able  to  collect,  this  paper  has  been 
written. 

Discxrssioir. 

Prof.  Pbbktwioh  remarked  on  the  interest  attaching  to  Che  finding 

of  mammalian  remains  not  associated  with  coarse  gravel,  but  in 
finely  stratified  fluviatile  beds,  which  do  not  otherwise  oc^ur  between 
Oxford  and  Reading  in  the  Thames  valley.  The  finding  of  oon* 
temporaneons  tree-trunks  is  exce])tional. 

Mr.  AVuiiAKEK  said  that  great  masses  of  reconstructed  Tertiarics 
beneath  the  gravels  had  not  been  fonnd  at  other  points  in  the 
Thames  valley.  He  suggested  that  the  leoonstmction  might  be 
due  to  landslips  and  the  action  of  springs. 

Prof.  T.  McK.  Hughes  instanced  a  similar  case  of  the  reoonstnic- 
tion  of  Tertiar}'  beds  at  the  Upnor-Ctistle  section. 

The  AnnoR  said  certain  proofs  of  fluviatile  action  in  the  recon- 
structed beds  were  found  in  the  rolled  tree-trunks,  the  waterworn 
bones,  and  the  fine  lamination  of  the  sands  and  days.  In  some 
instances  tlio  direction  of  the  minor  onnento  could  be  traced  by  the 
fineiy-bedded  sands. 
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21.  The  Gold-leads  of  Nova  Scotia.    By  Hexrt  S.  Poole,  Esq., 
M.A.,  F.G.IS.,  Goyernment  Inspector  of  (Bead  Maroh 

12,  IbTU.) 

[Abridged.] 

The  character  of  the  auriferous  rocks  of  Xova  Scotia  wa*?  a  RTibject 
of  some  di>5cu8sion  a  few  years  a^o*,  when  it  was  sui^^'ested  that 
the  gold  obtained  was  from  quartz  beds  of  contemporaneous  age 
with  the  qtmrtrite  and  the  date  with  which  they  are  intexatra- 
tified." 

Dr.  T.  Sterry  Hunt,  reporting  on  this  province  the  year  before 
the  subject  was  brouirht  to  the  attention  of  this  Society,  wrote  : — 
"  So  far  as  my  present  observation  goes,  I  think  that  to  describe  the 
gold-lodes  otherwise  than  as  interstratified  beds  would  bo  to  give  a 
false  notion  of  their  geoguostic  relations.  Tho  laminated  structure 
of  many  of  the  lodes,  and  the  intereaUtion  hetween  their  layers  of 
thin  continuoos  films  or  layen  of  argillite,  can  hardly  be  explained 
in  any  other  way  than  by  supposing  these  lodes  to  have  been  formed 
by  sueceesire  deposition  at  what  was,  at  the  time,  the  snifiEUJe  of  the 
earth." 

This  description  well  expresses  the.  appearance  of  onr  gold -dis- 
tricts ;  hat  the  theory  that  the  **  leads/'  as  tiie  lodes  are  loodly  called, 
acre  oontemporary  heds  with  the  slates  and  qnartzite  has  not  since 

been  generally  accepted ;  nor  has  it  gained  ground  with  the  fhrther 
knowledge  derived  from  working,  nor  been  adopted  by  any  of  the 
miners,  among  whom  are  men  experienced  in  other  gold-prodnoing 

countries. 

My  position  having  enabled  me  to  visit  frecjuenlly  the  several  dis- 
tricts and  see  the  leads  in  their  yarying  stages  of  exploitation,  I 
haye  kept  in  mind  the  theory  in  qnesiion,  and  espedally  examined 
the  relation  of  the  leads  to  the  (cntaining  rocks.  Some  of  my 
obserrations  I  haye  expressed  in  the  following  notes. 

* 

Surface-gcoloyy  of  the  Gold-Jields, 

The  general  features  of  the  districts,  and  tho  position  of  the  leads 
in  relation  to  the  conntn'  and  rocks,  may  be  thus  ])riefiv  skrtclK  d. 
Along  the  whole  Atlantic  seaboard  of  Nova  Scotia,  from  Seaterie  to 
Cape  Sable,  Palieozoic  rocks  extend.  The  lines  of  stratification  have 
an  almost  universally  east-and-west  course,  and,  generally  speaking, 
are  parallel  with  the  coast-line  and  with  the  axes  of  npheayal,  not 
only  of  the  hill-ranges,  but  likewise  of  the  anticlinal  folds  that  bring 
the  gold-leads  to  the  surface.  The  leads  also  conform,  with  almost 
unvarying  persistency,  with  the  strike  of  tlie  slates  and  quartzite- 
heds,  following  even  tlie  plications  of  the  strata  with  remarkable 
regularity,  thus  giving  rise  to  the  idea  that  they  might  be  contem- 
poraneous beds  and  not  iBtmsire  ymsm. 

*  Quart.  Joorn.  QeoL  Soc.  vol.  xxri.  p.  477. 
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While  quart/,  veins  are  not  confined,  to  the  districts  where  gold  is 
foond  in  paying  quantities,  thoae  tiwt  hm  been  discovered  to  be 
anziferous  are  generally  aboat  the  axes  of  antidioal  folds,  and  pre- 
sent an  a])pt  arnnoe  which  may  be  compared  to  a  series  of  divenely 

shaded  slieeta  of  paper  sharply  bent  together,  tilted  at  one  end,  and 
cut  horizontally.  The  lines  of  various  shade  which  the  sheets  would 
then  show  np]>roximately  represent  the  position  of  the  leads  and  the 
interbedding  slates  and  quartvdtes.  And,  further,  as  that  side  would 
be  the  more  highly  incUned  on  which  the  lateral  pressure  found 
the  least  resistance,  so  do  the  strata  incline  at  these  antidinals.  In 
the  districts  of  Sherbrooke  and  I  niacke,  for  instance,  the  strata  are 
vertical  on  the  south  and  incline  to  the  north  at  an  an^le  of  45'^. 
In  other  district.s,  an  Waverlcy,  Ixeniiew,  and  ^foose  liiver  the  ver- 
tical and  inclined  dips  are  reversed.  At  bherbrooko  the  leads  on 
both  sides  of  the  anticlinal  are  auriferons,  and  are  only  the  width 
of  the  main  street  apart ;  while  at  Uniacke  the  north  dip  is  two 
miles  away  from  the  working-belt.  On  the  top  of  Laidlaws  Hill, 
in  the  district  of  "NVaverley,  the  lead  lies  so  flat  that  it  is  worked 
*'  longwall."  In  it  the  gold  is  chiefly  found  where  it  is  crumpled 
together  by  the  folding  of  the  strata  and  forms  what  are  called 
•*  barrels."'  These  "  barrels  "  or  "  rolls  "  have  been  followed  down 
on  both  the  north  and  south  dips.  On  the  crest  they  run  in  the  di- 
rection of  the  axis  of  the  anticOnal ;  and  on  either  side  they  trend 
to  the  north  and  south,  representing,  as  it  were,  the  resultant  of 
the  forces  encountered  in  tlie  upheaval.  In  the  overlying  stratum 
the  position  of  the  plication  in  the  quartz  is  marked  merely  by  a 
moderate  undulation.  The  quartz  having  yielded  in  the  greatest 
degree  to  the  lateral  pressure  would  indicate  that,  at  the  time  of  the 
upheaval,  it  was  in  a  more  plastic  condition  than  the  containing 
rocks,  and  the  more  when  it  is  o])seryed  that  the  rolls  contain  angular 
fhigments  of  slate,  and  send  ofishoots  and  toogues  of  quartz  up  into 
the  superjacent  stratum. 

The  auriferous  rocks  are  su])])nsed  to  be  contt  inporaiicous  with 
those  of  the  Cambrian  ;  but  the  liorizon  of  the  belts  has  yet  to  be  de- 
tennined.  It  has  been  suggested  by  those  who  consider  the  leads  to 
be  bedded  deposits,  that  only  the  lowest  rocks  of  the  series  contain 
the  gold-leads,  which  the  anticlinal  folds  have  brought  to  the  sur- 
face. But  the  lithological  characters  of  the  several  districts  point 
to  the  existence  rather  of  three  groups  in  which  auriferous  leads 
exist: — the  lowest,  composed  of  beds  of  slate  and  grits  crumpled 
and  contorted  and  cleaving  transversely  to  the  lamina)  (in  these 
no  paying  lead  has  been  found)  ;  the  middle,  of  compact  beds  in 
which  quartzite  predominates  and  the  deavage-planes  generally 
conform  to  the  lin<  s  of  deposition  (strata  of  this  group  in  the  neigh- 
*  bourhood  of  antidinals  are  intercalated  with  numerous  (juartz-leads, 
some  of  which  only  arc  auriferous  to  an  appreciable  extent).  The 
upper  group,  in  the  extreme  western  section  of  the  province,  consists 
of  olive-green  fissile  slates  associated  with  beds  of  micaceous  sand- 
stone and  at  least  one  plumbagineous  bed.  Some  of  the  strata  are 
highly  chloritic ;  in  the  true  gold-districts  chlorite  is  a  rare  mineral. 
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Mr.  Selwyn,  Director  of  the  Canadian  Geological  Survey,  states  that 
Mine  of  these  sandstones  oontain  pebbles  of  a  grey  quartzite,  and 
tbat  be  is  inoliiied  to  believe  that  these  rooks  will  be  found  to  oocapy 

the  position  of  some  division  of  the  Quebec  group.  Of  the  relative 
age  of  the  gold-bearing  veins  that  arc  associated  with  the  rocks  of 
this  section  there  can  be  no  donbt :  for  when  they  are  ex]iosed  by 
the  tide  at  Uegog:!?an  and  Cranberry  Head,  they  are  seen  to  aiii^le 
across  the  beds,  to  swell  out  into  masses  (J  and  8  feet  wide,  to  pinch 
within  a  distanee  of  a  few  feet  into  lees  than  as  many  inches,  and  again 
expand  and  contract  Snob  veins  have  been  found  to  contain  a  Httlo 
gold ;  and  one  at  the  Cream-pot,  Cranberry  Head,  while  not  so  irre- 
gular as  some  at  Gogoggan,  yielded  as  mudi  as  one  ounce  of  gold  to 
the  ton  of  quartz. 

Mining  Experience. 

Mining-operations  bave  not  been  confined  to  tbe  bedded  leads ; 
for  rich  streaks  of  quartz  have  been  worked  in  cross  leads  and  in 

the  so-called  anj;ling  leads.  The  anglinjr  leads  are  true  veins,  gene- 
rally very  small ;  they  have  the  fjencriil  east-and-west  conrso.  but 
break  across  the  strata  at  slight  angles.  In  dejttli  they  f^ra  lually 
steal  across  a  bed  of  slate,  but,  ou  meeting  quartzite,  ijreuk  short 
across  to  the  next  stratum  of  slate,  and  so  on  downwardis.  In  nearly 
all  cases  tbe  angling  leads  have  been  found  to  contain  more  gold 
when  they  passed  through  a  quartato  bed. 

Tbe  true  cross  leads  as  yet  proved  are  barren,  and  of  later  age 
than  the  iiiterstratified  leads  :  but  besides  them  there  are  bands  of 
quartz  connecting  two  parallel  leads,  and  there  are  offshoots  which 
are  often  called  cross  l^ids.  They  in  some  cases  appear  to  affect  the 
produetiTcness  of  the  regular  leads.  For  instance,  at  the  junction  of 
a  cross  lead  with  the  belt  lead  at  Montagu  some  spots  gave  as  high 
as  40  ounces  of  gold  to  the  ton.  And  iit  Cariboo  ( area  629,  block  II.) 
an  offshoot  appeared  to  L'overn  the  direction  of  the  richest  portions 
of  the  lead  :  the  stope  which  cut  it,  4u  feet  wide  and  20  fathoms 
deep,  yielded  12,000  ounces,  chiefly  from  parcels  taken  on  the  lino 
of  the  ofishoot.  Wbe^er  the  yield  ftom  the  bedded  leads  is  in 
reality  affected  by  the  position  of  cross  leads  and  d&boots  may  be 
doubted ;  for  there  are  many  more  offshoots,  and  perhaps  cross  leads, 
than  there  are  gold  streaks.  But  it  appears  to  be  a  rule  that  the 
dips  of  the  gold  streak  and  offshoot  are  in  the  same  direction.  One 
thing  is  certain,  that  the  contents  of  the  lends  arc  irre<rularly  distri- 
buted, and  that  their  metallic  minerals  arc  not  uniformly  mixed,  but 
are  aggregated  about  certain  spoto  and  in  certain  directions.  Tbe 
paying  beds  are  generally  small,  of  a  few  inches  only ;  many  will 
not  average  4  inches  in  widtli :  and  one  of  8  inches  is  regarded  as 
of  good  size,  though  some  thicker  have  been  worked.  Regularly 
interstratifie<l  stringers,  threads,  and  offshoots  of  quartz  may  be 
Fee II  extending  from  them  into  the  walls.  A  stringer  from  the  Wel- 
lington lead  proved  rich  when  it  passed  through  the  slate  footwall, 
but  barren  in  the  succeeding  bed  of  quartadto.  The  ICunray  lead  in 
tjie  same  district  of  Sherbrooke  ahowed  at  one  spot  a  number  cl 
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ttringers  entering  the  footwall.  The  quarts  from  them  eoUeoted 
together  yielded  7  ounoeB  of  gold. 

Sooner  or  later  in  the  working  of  the  r^:alar  "  bedded" leads  ir- 

reguJarities  chnracteri.stic  of  veins  are  met  witli.  Late  operations 
at  Waverley  ou  the  Union  lead,  one  of  those  referred  to  in  proof  of 
the  bedded  origin  of  the  leads,  have  shown  the  quartz  to  oeaee,  while 
the  line  of  fracture  is  seen  to  eontinne  its  regular  course.  In  one 
■tope  a  laige  horse  **  of  qnaitzite  cot  off  the  quartz ;  in  another 
the  quartz  formed  a  oompact  "  roll  "  8  feet  wide,  from  whioh  rami- 
fied into  the  footwall  a  number  of  8iiekers. 

Tn  the  conrso  of  workins?  the  parallel  leads  a  layer  of  quartz  is 
soinetimcti  noticed  to  "take  in  "  in  the  adjoiuinj;  bed  of  slate.  One 
such  layer  was  opened  at  a  depth  of  (iOO  feet  in  the  haugiug  wall  of 
the  Wellington  lead. 

In  both  slate  and  qnartate  walls  of  leads,  orevicee  containing  little 
or  no  quartz  occasionally  contain  gold.  One  Hat-lying  crack  in  the 
quartzite  wall  of  a  strong  barren  lead  at  Uniacke  gave  3  ounces  of 
gold,  where  there  was  only  a  little  iron-rust  and  no  quartz  visible, 
(jlold  is  also  found  in  the  slate  walls  of  rich  k-ads  ;  and  from  some 
mines  more  slate  than  quartz  goes  to  the  stamp-mill.  It  is  found 
associated  in  the  leads  with  calotte,  felsite,  mica,  dilorite,  with 
oommon,  magnetie,  and  arsenical  pyrites,  with  oopper-pyritee,  galsna, 
and  /inc  blende.  Crystals  of  gold  hare  also  beenfbnnd,  and  gold 
imbedded  in  crystals  of  quartz,  in  cavities  of  leads. 

There  are  yet  other  characters  suggestive  of  true  veins.  Often 
there  is  a  narrow  band  of  crushed  slate  next  the  lead,  called  "  gouge," 
on  accouut  of  the  ease  with  which  it  is  extracted  by  a  thin  long 
pointed  piofc.  Its  fissile  natore  is  probably  dne  to  distnibance  at 
the  time  the  lead  was  formed.  Again,  these  leads  are  known  to  taper 
out,  and  what  may  be  called  their  continuation  to  start  in  the  Side 
slate,  and  expand  to  the  original  thickness  from  beyond  the  termi- 
nation of  the  quartz  at  first  worked. 

^Vhile  many  of  the  gold-hearing  leads  are  regular  and  persistent 
for  hundreds  of  feet  and  lie  parallel  with  wonderful  uniformity,  a 
canfbl  following  shows  local  troubles.  Rolls  and  barrels  and  off- 
shoots have  been  mentioned,  and  ako  their  apparent  inflnrace  on 
the  productiven^s.  Breaks  and  disloc  ations  of  the  strata  axe  not 
mxcommon  ;  and  while  many  undoubtedly  are  of  later  age.  some 
appear  to  be  contemporaneous.  A  head  or  fault  divides  the  Sutlier- 
land  lead  at  iSherbrookc  without  sliiitiug  the  strata ;  and  on  one  side 
of  it  there  axe  more  hands  and  a  greater  tiiieknesa  of  qnartz  than  on 
tiie  other. 

Another  character,  unmistakably  that  of  a  trne  vein,  is  occa- 
sionally met  with  in  the  "  bedded  "  leads.  For  example,  in  the  so- 
cidled  P.nrton  lead  at  Tangier,  at  one  spot  the  writer  saw  in  the 
middle  of  the  ipiartz  a  flake  of  slate  about  10  tVet  loii^  and  an  inch 
thick.  The  tlake  had  rough  edges,  and  had  endentiy  parted  from 
the  hanging  wall ;  for  a  trail  of  fragments  at  its  ends  marked  its 
conrse  from  a  de^n'osstan  in  the  walL  Fragments  of  slate,  too,  are 
often  found  in  tho  leads,  lying  in  every  diroction ;  in  parts  films  of 
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tlate  give  tiha  leads  a  ribbon-like  rtroetiire,  end  enggest  a  mai»  of 
expanaions  of  the  fiasares  and  sueoeeaiye  depoaitiona  of  qnarts  marked 
by  the  adhering  films  of  aUte. 

As  it  ia  from  mining  experience  that  the  wcifi^hticst  nrguments 
against  the  bedded  origin  ot"  the  leads  can  be  adduced,  fuller  refer- 
ence is  made  to  matters  that  affect  the  mining  than  may  seem  war- 
ranted in  a  geological  paper.  There  are  yet  a  few  obserrationa 
worthy  of  note,  ^e  conatitnenta  of  the  leads  are  not  nnifomdy 
mixed:  in  the  Hay  lead  Oi)  ounces  of  gold  were  aggregated  in  one 
tpoi  i  and  extended  workings  in  the  same  lead  failed  to  find  else- 
where more  than  a  few  pennyweights  of  gold  to  the  ton  of  quartz 
and  calcitc,  the  latter  a  principal  component  of  the  lead.  The 
working  portions  of  tho  leads  are  small,  and  the  yield  of  gold  not 
uniform.  So  far,  experience  does  not  eneoonge  extended  search 
beyond  the  limits  of  a  workittg streak  "  by  sinking  or  driving  levels ; 
end  the  writer  ia  not  aware  of  the  diaooyery  in  depth  of  a  paying 
atreak  not  known  on  the  anrfaoe. 

BdaHve  Age  of  tbs  Lead$  and  OraniU, 

It  has  been  suggested  that  the  ao-oalled  granites  which  blot  large 
portions  of  the  PaJsMapie  belt  are  not  intmsiye,  bnt  are  merely  highly 
metamorphio  rooks.  That  in  every  ease  they  are  so  seems  hardly 
eompatible  with  stnictural  characters  observable,  and  which  may 
here  be  brietly  noticed.  On  traversing  tho  countr}' under  review, 
the  hill-tops  are  often  seen  denuded  of  all  detrital  matter  save  a  few 
isolated  boulders,  and  the  junction  of  the  granite  with  the  sedimen- 
tary rocks  is  in  many  places  exposed. 

At  Mooeehind,  for  instance,  exposnres  show  tlie  line  of  oontaot  as 
clearly  as  would  wooden  models  speciaUy  designed  to  do  so;  and 
there  the  following  observations  may  be  made  : — (rranite  occupies 
the  highest  ground,  presenting  a  curved  margin,  in  part  parallel 
and  in  part  transverse  to  tho  strike  of  the  bedded  rocks,  which  are 
highly  inclined  and  locally  broken.  Tongues  and  veins  extend 
from  the  parent  mass  of  granite  between  the  opened  strata;  and  in 
one  abont  2  feet  wide  there  lies  obliquely  a  liiin  slab  of  qnartdte 
half  an  inch  thick  and  ()  feet  long,  which  has  evidently  fallen  away 
from  one  of  the  walls.  Another  spot  shows  a  larger  slab,  about  lOfeet 
long  and  1  foot  thick,  which  has  fallen  fonvard  into  the  body  of  the 
granite  whih;  the  latter  was  still  iu  a  plastic  slate.  Its  original  site  can 
without  doubt  bo  aacertaiued  by  measurement,  raraliel  to  a  vein  of 
pure  quarts  a  vmn  of  granite  only  half  an  inch  wide,  200  feet  inm 
the  main  mass,  demonstrates  the  plasticity,  if  not  flnidity,  of  the 
granite ;  hut  whether  itwasderived  nom excessive  local  metamorphism 
or  injected  from  below,  is  open  to  question.  The  sharpness  of  the 
broken  edges  and  the  locally  disturbed  conditit  n  of  the  beds  along 
the  line  of  contact  certainly  suggest  the  latter,  while  the  crystal- 
line structure  of  the  protruding  tongues  seems  to  couUrm  it ;  lor,  as 
in  a  chilled  casting,  the  crystals  are  coarse  in  the  centre  and  fine 
next  the  walls,  ttma  more  rapid  cooling.  The  crystallization  of  tlie 
mass  is,  in  spots,  streaked  and  irrcgnlar  near  the  sedimentary  roeki; 
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and  fragmentB  of  qnartzite  may  be  found  imbedded  in  it.  That  the 
intenae  heat  of  the  granitic  maaa  affected  the  atractore  of  the  con- 
tiguooa  strata  is  evident  from  the  development  of  andaluaite  crystak 

in  the  quart zito,  and  of  frarnets  in  the  slates, — the  former  at  Moose- 
land  and  near  Fifteen-Mile  Stream  ;  and  the  latter  close  to  tlie  gn'a- 
nite  of  Cochran's  Hill,  Sherhrooke,  in  the  walls  of  gold-leads,  and 
even  imbedded  iu  the  quartz  itself. 

A  moet  interesting  spot  bearing  on  the  subject  of  this  note  is  on 
the  barrens  near  the  west  shore  of  Moose  Lake,  where  a  qnartz-lead 
risiDg  somewhat  above  the  level  of  the  containing  qnartzite  is  capped 
by  g^ranite  and  pierced  by  small  tonp^ueH  of  granite.  snp^irestivOjifnot 
conclusive,  that  the  leads  are  of  greater  age  than  the  granite. 

GlacHition  an'f  the  Leads. 

Grooves  and  striic  on  the  surtace  of  the  rocks  proiectod  from 
further  action  by  a  coveriii-^  ot"  earth  are  common  throuj^hout  the 
region.  Glaciers,  au  ice-sheet,  aud  icebergs  have  each  their  advo- 
cates to  account  for  them ;  and  the  amount  of  denudation  that  they 
have  occasioned  is  variously  estimated.  The  labours  of  the  gold- 
prospector  have  supplied  some  data  which  should  not  be  overlooked 
in  forminfi:  a  conclusion  on  the  subject.  The  experience  of  the 
gold-miner  leads  him,  when  he  linds  the  '*  throw  "  of  a  vein,  as  he 
calls  the  float  or  shoadstones,  to  seek  to  the  northward.  He  gene- 
rally expects  to  find  it  within  100  feet  of  where  the  "throw*' 
oomes  to  the  suifaoe— on  the  hang  of  a  hill,  and  where  the  cover  is 
heavy,  at  a  greater  distance  than  where  the  surface  is  flat  and  the 
soil  thin.  In  exceptional  cases,  where  a  rich  throw  has  been  fEmnd, 
trenches  have  been  dui;  for  raanv  hundreds  of  feet,  and  every  inch 
of  the  ground  examined  without  di^cove^ing  the  lead.  The  so-called 
Rose  lead  at  Montagu  is  still  unknown,  though  the  throw  or  drift 
of  similar  appearance,  and  supposed  to  have  come  from  one  lead,  has 
been  found  to  extend  over  1000  feet  of  ground*.  Another  instance 
occurred  this  summer  (1878)  at  Cariboo :  large  boulders  of  quurtx, 
weighing  in  all  some  40  tons,  which  were  obtained  from  one  spot, 
5'ipld<'d  largely,  and  great  search  was  made  for  the  lead  from  which 
they  had  lucii  derived  ;  l)ut  the  exploring-trenches  both  to  the  north 
and  south  failed  to  hud  a  lead.  The  boulders  were  found  resting  on 
the  bed-rock,  which  at  the  particular  spot  where  they  were  found 
was  on  a  level  with  the  surfoce,  while  about  it  the  surface-soil  was 
deep. 

l^oulderH  of  other  rocks  have  been  traced  to  their  source  miles 
away.  In  the  neighbourhood  of  Halifax  the  drift  contains  frag- 
ment's of  limestone  from  the  J.ower  Carboniferous  aud  of  amygtla- 
loidal  trap  from  the  Triassic  of  the  liay  of  Fundy,  some  sixty  miles 
distant.  A  lump  of  iron-ore  was  found  on  digging  a  well  at  Ham- 
mond's Plains,  of  similar  appearance  and  composition  to  that  of  the 
nearest  known  ore,  that  of  Brookfield,  thirty  miles  to  the  UOTth. 
These  inst^iiiceB  are  sufficient  to  show  that  while  the  drift  has  carried 

*  Suioe  tiaoed  220OlQetin  the  direotion  of  the  striae^  and  a  rich  mme  opaned. 
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much  of  the  "  throw  "  or  detached  pieces  of  the  rocks  but  a  short 
distance,  it  has  removed  some  pieces  to  very  great  distances.  In 
general  the  difftia  from  the  north— -though,  some  prospectoiv  Mj3r,oii 
aome  hiU-tops  it  is  from  the  sooth,  indioatiiig  the  ezistMioe  of  oonnter* 
eorreiits  in  the  shallow  waters,  supposing  the  drift  to  have  been  doe 
to  a  northern  current  and  not  to  an  ice-sheet.  The  angular  shape 
and  size  of  the  fragments  show  that  the  disjointing  force  was  not  a 
comminuting  one.  It  would  further  appear  that  the  abrasion  of  the 
surface  due  to  the  drift  was  not  extensive.  On  the  turn  of  the 
Oldham  antielinal  the  surf  aoe  is  aerrated,  with  the  tops  of  the  ridges 
alone  planed  off,  and  the  general  appoanmoe  angjcestB  that  tiie 
present  contour  was  given  before  the  ancient  aorlaoe,  broken  by  frost 
and  weather,  had  its  frajnnents  torn  away  and  a  new  surface  formed 
by  the  attrition  of  blocks  set  in  ice  passing  over  it.  In  some  cases 
the  very  blocks  apparently  that  made  the  striije  have  been  turned 
over  and  expose  their  under  surfaces  fluted  in  a  similar  way  to  the 
anrfaoe  of  the  bed-rock.  CkMO  to  the  Wellington  xailway-atatbn  a 
narrow  band  of  rock  may  be  aeen  sli^tly  elevated  above  the  general 
level  and  transversely  crossed  by  Btri®  evidently  <^  later  origin  than 
the  displacement  of  the  band  ;  for  the  striir  are  deeper  in  the  band, 
and  their  continuations  on  the  undisturbed  surface  do  not  take  in 
for  2  OT'%i  inches  from  the  elevated  edge  of  the  band. 

Oold  in  Carboniferous  CongUmoraU, 

At  Gay's  River  the  Carboniferous  conglomerate  is  worked  in  a 
small  way  for  the  gold  which  is  found  mixed  with  the  lower  portion 
of  the  bod.  In  the  "  runs  "  or  hollows  of  the  slate  the  bed-rock  is 
also  removed  to  a  depth  of  3  or  4  feet  for  the  gold  contained  in  the 
backs  or  crovic<»  of  the  {>late.  The  gold  is  not  very  fine ;  and  pieces 
weighing  over  a  pennyweight  are  oiJy  oocasionally  fonnd.  UsnaUy 
the  aurfrioe  of  the  grains  is  rongh,  not  as  thoogb  it  were  fresh  from 
a  lead,  but  rather  as  if  each  grain  or  piece  of  gold  had  been  first 
smoothed  by  attrition  and  afterwards  had  fine  partielee  attached 
to  it.  ' 

TJie  Total  Yield. 

Although  of  interest  to  the  geologist  and  miner,  the  gold-fields  of 
Nova  Scotia  are  not  of  great  importance.  The  annual  j-ield  of  late 
years  has  only  been  about  13,000  ounces  ;  the  largest  produce  of  any 
one  year  was  27,000  ounces.  The  gold  obtained  is  noted  for  its 
fineness. 

Discussion. 

Hr.  J.  A.  Phillips  confirmed  the  views  of  the  anther  as  to  the 

leads  of  Nova  Scotia  being  true  mineral  veins. 

Mr.  W,  W.  Smyth  stated  that  he  thought  the  author  of  the  paper 
had  rendered  a  most  useful  service  to  geology  in  completely  up- 
setting the  theory  (based  on  imperfect  observation)  of  the  bedded 
origin  of  tiie  leads. 

Q.J.G.8.  Kal42.  r 
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88.  XoxB  OA     Strata  ^oted  in  Zaytn^  oirf     Oziobd  Sbwasb- 

FABK,  Ol  SASSFOBB-OV-TSAiaB,    By  ElMAB  S.  COBBOLD,  Etq^ 

F.G.Sm  AaaocMJnBtCE.  (Bead  Febraary  85, 1880.) 

The  strata  under  consideration  consist  of  the  upper  and  middle 
members  of  the  Oxford  Oolites,  together  with  the  Kimmeridge  Clay ; 
and  tboagh  little  notvelty  can  be  expeotod  in  a  paper  on  radi  wdl- 
stndied  and  really  aooeaaible  depoaita,  it  ia  hoped  that  at  kaat  one 
Gt  two  important  facts  may  be  put  on  record. 

The  area  treated  of  is  only  about  1 1  mile  in  leng^th  from  east  to  west, 
and  one  mile  from  north  to  south.  It  is  situated  about  4  miles  S.E.  of 
Oxford,  on  the  south  side  of  the  Thame  and  Aylesbury  branch  of 
the  Great  Western  Bailway,  and  east  of  the  turnpike  road  from 
Ozfofd  to  Dorchester  ft  Heiiley.  Thoogh  email,  it  preeenta  aome 
interesting  Tariations  in  the  strata. 

Previooa  to  the  laying-out  of  the  350  acres  aelected  for  sewage- 
irrip^ation,  a  number  of  trial-holes  wore  dug  to  ascertain  the  nature 
of  the  subsoils  and  substrata,  and  subsequently  a  complete  system  of 
land-drainage  was  carried  out,  necessitating  the  digging  of  trenches 
from  3  to  8  feet  deep  and  not  more  than  66  feet  apart  all  over 
tiie  land.  There  waa  therefore  ample  oppoitimity  for  obtaining 
aoeurate  information  on  the  superficial  devdopment  of  the  vaiions 
atrata. 

At  Headington  a  generalized  section  of  the  beds  appeeza  to  be 
somewhat  as  follows : — 

Kimmeridge  Clay, 
Coral linf  Oolite .... 

Conil  R.ig   

SmiuI   

Sh.U-b<-d  

Calcareous  Grit  ... 
Oxford  Clsy. 

In  the  neighbourhood  of  Sandford  and  Littlemore,  the  Coral  Raig 
and  part  of  the  Coralline  Oolite  are  replaced  by  marls  which  are  in 
plaeea  foU  of  small  oysters  and  Serpulce,  with  a  few  other  foarils, 
but  ahow  no  trace  of  corals*.  These  marls  may  be  best  seen  in 
tike  railway-cutting  west  of  Littlemore  Station,  where  they  have 
been  thrown  into  long  undulating  curves,  as  shown  in  the  section 
(fig.  1),  and  have  been  traced  to  a  distance  of  about  one  mile  on  all 
sides. 

Northward  they  may  be  seen  at  an  old  qoarry  on  the  top  of 
Bose  Hill,  Iffiey ;  westward,  at  a  small  quarry  behind  the  village 
of  Kennington  on  the  other  side  of  the  Thames  valley ;  southward, 
in  Sandford  Hill;  eastward,  in  the  aide  of  a  small  pond  near  tihe 

One  qpeoamen  of  T%teomUia  haa  been  obtained  on  the  sewage-farm,  from 
lha  lomit  Ml  of  ths  marls. 


ft. 

(«y)  15 

(aay)  16 
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,   3 
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enNMUig  of  the  railway  by  the  enas  rood  from  Cowley  to  Ganington; 

and  south-eastwaids  over  a  considerable  portion  of  Uie  sewage^&rm. 

A  Tortical  section  of  the  beds  in  the  railway-cutting  is  given  in 
fig.  5.  Hero  there  are  about  17  feet  of  alternate  layers  of  marl 
and  clay,  liT  in  iiumlter  and  yaryinp  from  2  feet  to  15  iiiches  in  thick- 
ness. At  the  hii6c  tiic  marl  seems  to  graduate  into  limestone  1  foot 
8  indieB  thick,  which  b  snooeeded  by  a  bed  of  fine  M&d  2  £Mt  thick 
with  fragments  of  shellB  and  spines.  Below  this  is  a  very  compact 
and  hard  limestone  very  full  of  shells,  also  2  feet  6  inches  thick.  It 
was  from  this  bed  that  most  of  the  stone  was  qnanried  of  which  the 
bridges  on  this  part  of  the  line  were  built. 

This  is  followed  by  the  fine  soft  sand  of  the  Calcareous  Grit,  which 
contains  very  few  fossils,  and  several  layers  of  concretions  of  sandy 
limestone.  At  12  feet  9  inches  below  tiie  top  of  this  sand  is  a  mnd^ 
more  oontinnons  layer  of  similar  stone,  which  has  been  foond  in 
many  places  on  the  sewage-farm. 

In  the  longitudinal  section  of  the  railway-cutting  (fig.  l"!  the 
strata  are  seen  to  be  inclined  at  a  slight  angle  westwards ;  but  the 
actual  dip  and  strike  have  not  been  ascertained.  At  the  Littlemore 
Station,  however,  the  inclination  is  reversed,  and  there  seems  to  be 
a  slight  antidinal  axis  somewhere  near  the  level  erossing  west  of 
the  road ;  bat  this  may  be  apparent  only,  aa  the  line  of  section  neces- 
sarily follows  the  cnrvatore  of  the  railway. 

From  the  west  end  of  the  cutting  the  pcction  is  prolonged  to  the 
river  Thames,  passing  through  tlie  .site  of  the  sewage-pumping  sta- 
tion, the  foundations  oi  which  came  in  a  deep  irregular  depression 
in  the  surface  of  the  Oxford  Clay,  suggestive  of  an  old  river-course, 
bnt  at  a  lower  level  than  the  existing  one. 

The  level  of  a  spring  on  the  side  of  the  hill  is  also  shown,  as 
giving  a  probable  indication  of  the  height  to  which  the  Oxford  day 
rises  on  this  side  of  the  valley. 

No  strata  corresponding  to  the  Coralline  Oolite  of  Headington  are 
to  be  seen  in  this  cutting ;  but  apparently  in  the  folds  of  the  marls 
on  the  west  slope  of  the  hiU  there  are  some  pockets  ecmtaining  an- 
gular fragments  of  limestone.  Similar  pieces  may  also  be  seen  scat- 
tered over  the  surface  of  the  hill  above  tiie  cutting;  80  that  posribly 
it  might  be  met  with  at  a  higher  level. 

In  laying  the  sewage-pumping  main  along  the  road  up  Sandford 
Hill  an  interesting  section  was  exposed,  a  sketch  of  which  is  given 
ill  tig.  2.  At  the  foot  of  the  hiU  the  shell-bed  ^here  very  full  of 
OervilUa)  and  its  accompanying  sand  were  firand.  These  were  sao- 
ceeded  by  marls  having  a  vertical  height  of  about  15  feet,  of  a  bluish 
grey  colour,  unlike  those  in  the  railway-cutting  and  on  the  farm, 
which  arc  more  or  less  whit-c.  As  the  road  has  been  made  in  a 
cutting  in  the  side  of  the  hill,  the  change  of  colour  may  he  duo  to 
the  oxidizing  effect  of  the  weather  not  having  yet  penetrated  so 
deep. 

Above  the  marls  was  a  thickness  <^  about  12  feet  6  indies  of  very 
hard  fine-grained  limestone  in  3  or  4  layers  with  hardly  any  fessUs, 
evidently  answering  to  the  Coralline  Oolite  of  Headington.  Above 
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tills,  again,  was  a  atratom  of  very  sandy  limestone  2  feet  6  UMhes 
tiiiok,  Bnggesting  a  trace  of  tiie  Upper  OaloaieonB  Grit. 

Then  raJlowediCOmpact  Kimmeridge  Clay,  containing  vertebrse  of 

Pliosaurtts  and  quantities  of  crystals  of  selcnite,  also  at  the  end  of 
tlie  section  near  the  surface  a  marly  layer  with  8ome  good  specimens 
of  lihynclwneUa  inconstam.  The  inclination  of  the  base  of  the  Kim- 
meridge Clay  was  ascertained  to  be  1  in  GO  in  the  direction  of  the 
load  (8.S.E.),  which  would  give  a  thioknees  of  20  fbet  at  the  end  of 
the  section. 

At  the  jnnetion  of  the  Kimmeridge  Clay  with  the  Coralline  Oolite 
"was  a  peculiar,  bright-red,  earthy  layer  from  4  to  0  inches  tliick. 

A  section  at  right  angles  to  this  along  the  lane  leading  from  the 
south  end  of  tig.  2  to  the  farm  was  also  exj>08ed,  and  is  given  in 
fig.  4 ;  but  it  was  too  shallow  in  the  lowest  pait  of  the  road  to  show 
the  jnnotion  of  the  day  with  the  marls,  which,  it  may  be  noticed, 
again  show  long  nndnlations,  and  rise  to  a  higher  level  than  the 
clay,  implying  either  a  very  sharp  bend  in  the  strata  or  a  fault 
through  the  lowest  point  of  the  section. 

On  the  west  side  of  tlie  sowiige-taim  is  a  quarry  sunk  through 
the  base  of  the  marls  to  the  sheU-bed  below,  which  is  used  for  road- 
making.  A  vertieal  section  here  (fig.  6)  shows  tiie  shell-bed  and 
sand  resting  on  the  Calcareous  Grit,  with  the  maris  above.  Where  the 
latter  are  within  3  feet  of  the  surface  they  are  much  contorted  and 
mixed  up,  so  as  to  lose  tlieir  original  bedding,  and  here  and  there 
are  balls  or  nodules  of  brown  clay  (probably  foreign  to  the  marlB) 
surrounded  by  concentric  layers  of  darker  and  lighter  material. 

As  considerable  quantities  of  stone  were  required  for  making 
roads,  it  was  hoped  that  the  same  bed  mi^  be  found  on  tiie  other 
side  of  the  fsm ;  and  several  trial-holes  were  sunk  with  this  special 
object. 

At  no.  1  (fig.  8)  a  la5'er  of  conci*etionary  stones,  similar  to  that 
in  the  sand  of  the  railway*cuttiBg  at  12  feet  6  inches  below  the  top 
of  the  Grit,  was  found. 

At  no.  2  (fig.  9)  the  sheU-bed  is  shown,  but  here  it  has  dimi- 
mshed  in  thickness  to  about  1  foot,  and  as  there  was  a  considerahle 
quantity  of  water  in  the  sand,  it  was  not  worth  working. 

At  no.  3  (fig.  7)  it  was  hoped  that  the  Coralline  Oolite  would 
be  found  as  in  Sandford  Hill;  but  on  sinking  through  the  clay,  marl 
was  at  once  found,  with  only  two  lavers  of  stone  1  foot  and  0  inches 
thick  respectively.  It  was  also  of  a  blue  colour,  similar  to  that  in 
Sandford  Hill. 

Subsequently  a  small  qnany  was  opened  (at  C,  fig.  3),  close  to  trial- 
hole  no.  if  which  exposed  a  quantity  of  Koman  pottery.  Several  kilns 
have  since  been  found  here,  and  in  order  to  show  the  proximity  of 
the  Kimmeridge  Clay,  the  section  (fig.  3)  was  rnnstnietod.  Tt  has 
never  been  wholly  exposed,  and  is  therefore  somewhat  hyp()lheli(  ;il 
as  to  inclination  of  strata ;  but  it  was  jproved  in  many  places  by 
subsequent  excaTations,  and  may  be  taken  as  tderably  correct. 

The  inclination  was  arrived  at  by  setting  off  below  the  shell-bed 
in  trial-hole  no.  2  a  dqith  of  12  feet  6  inches,  which  was  supposed  to 
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give  the  surface  of  the  concretionary  stone  shown  in  no.  1.  In 
order  to  prove  this  to  some  extent,  heights  ot"  15  feet  and  14  feet 
6  inches  were  set  off  above  the  hase  of  the  marl,  corresponding  to 
the  observed  thicknessee  in  Sandford  Hill ;  and  lines  drawn  through 
these  pomts  pandlel  to  the  assumed  hed  of  roek  in  the  Grit  repre- 
sented the  tops  of  the  marl  and  limestone,  if  present.  This  construc- 
tion showed  that  instead  of  the  Coralline  Oolite  being  denuded,  as 
was  at  first  supposed  when  marl  was  found  under  the  clay  of  trial- 
hole  no.  3,  it  had  entirely  changed  its  character  in  the  short  distance 
(1  mile)  Irom  Sandford. 

Also,  as  the  uppur  line  inteorseots  trial-hok  no,  8  very  nearly  at 
the  depth  where  marl  was  firand,  there  can  he  little  donht  as  to  the 
genem  accuracy  of  the  section. 

As  coral-bearing  strata  are  found  on  either  side  at  Headington  and 
Cnmnor,  there  seems  to  have  been  here  a  j^ap  in  the  reefs,  which  is 
filled  with  a  more  clayey  deposit ;  and  it  is  suf^gested  that  the  influx 
of  clay  may  have  been  duo  to  the  muddy  discharge  from  some  river 
whicJi  might  hinder  or  altogether  oheek  the  growth  of  oorals,  whOo 
it  was  faToniahle  to  that  of  oysters.  The  width  of  the  marl  deposit 
cannot  be  more  than  3}  mues,  that  being  the  distance  between 
Headington  and  Cumnor  :  so  the  supposed  river  cannot  have  been 
very  large  or  very  far  oil'.  FurthtT,  the  rapid  thinning-out  of  the  Coral- 
line Oolite  of  Sandford  Hill  (within  possibly  a  length  of  ^  mile)  points 
to  a  further  constriction  in  the  river's  influence,  which  (if  reliable) 
giyes  a  possible  due  to  the  direotum  from  wMoh  it  flowed,  vis.  8.B. 
It  seems  therefore  probable  that  the  Palsoioie  rocks  known  to  eadst 
beneath  London  may  have  been  above  water  in  the  later  Oolito 
period  and  have  had  considerable  extension  to  the  S.W.  and  E. 

A  considerable  portion  of  the  sewage-farm  is  upon  the  Calca- 
reous Grit ;  and  the  many  trenches  have  yielded  the  following  few 
fossils : — 

Anunonitefl  pUcalilis.  Ostrea  gregaria. 

 coidstus  (?).   ,  gp.  (small). 

Modiola  bffiartita.  SBrpiila, 
Gcrrillin  aviculoidM.  SpODge? 

Pecten  vagans,   

PSnUi,  sp.  Uemipedina  marchameiuiaifiroin  Haj- 

Ostrsa  diUtsta  (Urge).  ford  Hill  Im,  Littlmnoc*. 

Many  beds  of  roek  were  met  with  in  the  sand;  bat  no  oontinnoaa 
section  was  obtainable.  The  lower  beds  seemed  hard  and  flaggy  with 

oolitic  granules  on  the  surfaces  ;  those  nearer  the  top  frequently 
presented  irregular  sponge-like  shapes,  and  were  very  soft  and  fri- 
able ;  while  the  upper  beds  were  generally  concretionary  and  more 
compact. 

The  bottoms  of  the  small  vaUeys  which  intersect  the  faim  aie 
filled  with  peat  from  4  to  6  feet  deep,  in  ^diioh  hm  been  Ibnnd 
Boman  pottery  (at  3  iSset),  freshwater  shells,  bones  of  deer,  domesti- 
cated pig,  cow,  horse,  and  dog.  Under  the  peat,  patches  of  gravel 
of  a  very  local  character  are  found,  quite  unlike  that  in  the  Thames 
Talley. 
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At  trial-hole  no.  4  (fig.  10)  this  gravel  is  composed  almost  enttrely 
of  small  oyster-shells  derived  from  the  marL  The  peat  here  is 
oorered  with  a  snperftoial  day,  probably  brought  down  by  atmo- 

Bpheric  denudation  from  the  Kimmeridge  Clay  on  the  hill  near  by. 

It  is  hoped  that  these  notee  may  not  be  altogether  without  in- 
terest, as  they  may  preserve  some  account  of  the  various  sections 
exposed  in  the  laying-out  of  the  Oxford  sewage-farm,  which  have 
since  been  covered  up,  and  are  not  likely  to  be  again  accessible. 


BncussioN. 

The  pBmDBirT  said  the  paper  was  an  exceedingly  intereitiiig  and 

useful  one,  as  placing  on  record  what  had  been  done. 

Prof.  PfiESTwicH  said  the  area,  though  sraall,  was  extremely  in- 
teresting, as  the  sections  differed  so  much  from  those  of  Headington 
and  Cumuor.  The  evidence,  however,  was  perhaps  too  small  to 
found  a  tiieory  upon. 

Mr.  HuDLESTON  said  that  clay  was  not  unfirequently  mixed  witii 
the  Coral  Rag.  Probably  that  day  might  come  from  the  source 
which  supplied  the  clays  of  the  cont-omporaneoua  portions  of  the 
great  Pelolithic  formation  of  the  Fenland. 

Prof.  Seeley  said  that  north  of  Oxford  the  Coral  Hag  became 
split  up  into  days;  the  fossils  changed  with  this. 

The  Fbsbcdxht  mid  the  specimeii  obtained  of  Btm^pMM, 
ehammtis^  and  also  some  of  the  other  fossils  were  remarkably  fine^ 
As  the  sections  were  closed,  such  a  record  of  the  facts  observed  as 
was  furnished  by  this  paper  was  of  much  importance. 
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On  ihe  Oenui  Fliusaoakteub,  Jgatt.^  inehuUng  Ihe  Oenmt 
Obzeaooisub,  J^om.  oikI  Oofdf^  Bauam,  Agan*^  and  Xbia- 
oAirmusy  jS^.  By  Jm  W.  Datib,  Esq.,  F.S.A.,  Ac, 
Hon.  Seo.  Torkahin  Geological  ft  Pdytedmio  Sodefy.  (Bead 
Jaanaiy  21, 1880.) 

[Plaxb  zn.]  • 

Hitherto  specimena  of  PburflMmtihit  liave  not  lieen  disoomed  m 
this  ooantry  which  woold  seire  to  iUoBtrate  the  general  efaaraeten  or 
sooilogioal  position  of  this  genus  of  fossil  Fish,  Tcoth  of  Diplodtts, 
almost  invariably  associated  with  the  spines  named  PleuracanthuSy  Ag. 
and  OrtJuicantlnis,  Ag.,  are  found  in  all  the  p-eat  coal-fields.  In 
Staffordshire,  Scotland,  Lancashire,  and  Yorkshire,  wherever  fish- 
remains  are  found,  there  is  some  proportion  of  specimens  of  these 
genera.  All  the  ezamplea  reoorded  aze  from  the  Coal-meaaorea. 

Thoog^  in  England  we  have  only  the  teeth  and  spines  foadl,  in 
Germany  and  Bohemia  several  examples  have  been  diaoovered  in 
which  the  whole  of  the  fish  is  preserved.  These  specimens  appear 
to  be  higher  in  the  geological  series,  and  have  been  relegated  to 
certain  i)as8iigc-bods  between  the  Coal-measures  and  the  Permian, 
and  to  the  rermiau  rocks  themselTea. 

The  iohthyodomlite  JPUwraeaiUkuB  lasuimmui  was  described  by 
the  late  Ptof.  Agassis,  in  his  *  Becherehea  snr  les  Poissons  Fossiles/ 
from  an  imx>erfect  specimen  obtained  from  the  coal-shales  of  Dudley. 
On  page  330  of  the  same  classical  work,  whilst  discussing  the 
"  defenses  des  llaies,"  a  second  spine  is  mentirmcd  as  somewhat  re- 
sembling PUuracanihuSy  and,  in  all  probability,  related  to  it.  It 
was  named  Orthacanthua  eylindrieus,  and  is  figured  in  the  third 
Tolmne,  plate  46.  figs.  7-^ ;  but  the  description  was  deferred  to  a 
supplementary  Tolnme,  whioh,  nnfortonately,  has  never  been  written. 
At  the  same  time  that  these  spines  were  discovered,  there  were  also 
found  a  number  of  fossil  teeth,  which  were  described  and  figored  by 
Prof.  Agnssiz  as  Dlj^lodns  (jihhosus. 

Ill  1647,  GoldfuBs*  described  a  verj*  fine  specimen  showing  the 
foam  of  the  head,  vertebral  oolmnn,  pectoral  and  ventral  fins,  and 
the  spines  still  in  position,  imbedded  in  a  cartilaginons  maaa  im- 
mediately behind  w  occipital  region  of  the  head.  The  spine  m. 
this  instance  is  round,  has  a  median  ridge  on  the  dorsal  aspect; 
and  on  each  side  of  the  ridge,  separated  by  a  narrow  groove,  is  a 
row  of  denticles.  This  is  clearlj'the  Orthacanthxis  of  Agassiz,  The 
fiish  was  named  by  Dr.  Goldfuss  OrUiaoxnthus  DtcheniL 

In  the  fbUowing  vear,  M.  Beyrichf  deeeribed  and  diaenssed  the 
xelationahip  of  a  flan  xeaembling  in  all  essential  respeets  the  one 
described  by  Goldfuss,  except  that  the  spine,  instead  of  being  round, 
like  OrihaGBMilhttM^  **  is  flattened  before  and  behind,  and  has  on  each 

*  Britiige  mr  Fkniia  das  SUinkoUengebirges :  Bonn,  18IT. 

t  Bericht  der  konigL  prenwiichen  Atsflinnw  derWiaienadiafltCD,  1848,  p.  21. 
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ode  rowa  of  sharp,  sboit,  hook-ahaped,  baekwaxd-pointuig  teelfa.* 

This  ia  evidontly  the  aanie  as  AgaMii'a  genus  P2tftiraeiin<%t» :  but 

Be}Tich  gives  it  the  new  generic  name  Xtnacnuthus,  remarking  that 
the  Orthacanthus  Dechenii  of  (Jf»ldtiiss  must  bo  j^ivon  up  in  favour  of 
Xenaranthus^  and  that  thouf:;;h  the  name  /V<  ?//r<(v;, of  Afrassiz  has 
priority,  and  would  have  been  well  suited  to  embrace  this  new  lish, 
it  waa  too  well  known  as  the  name  of  a  spine  onlj. 

In  1855,  Sir  Philip  de  M.  Grey-Egerton,  at  file  Olasgow  meeting 
of  Hie  "British  Aasoetation,  pointed  out  that  the  8])incs  of  Ph  ura- 
canfJi'is  and  Xenaeanthus  and  the  Dijilodus-iocth.  aU  belonged  to  the 
same  p;enu8  of  fossil  fish  :  and  two  years  later,  in  the  'Annals  and 
Magazine  of  Natural  History,'  the  same  ichthyologist,  considering 
publication  as  the  test  of  priority,  enforces  the  claim  of  the  geuus 
Fkuraean(hus. 

Prof.  Kudolph  Eher*,  in  1807,  in  an  elaboiate  paper  on  the 
genera  Orihaeanthus^  Goldf.,  and  XenaeemAugf  Be^rr.,  after  a  care- 
ful examination  of  all  the  Boliomian  speeimcns  available,  arrived  at 
the  same  conclusion  as  to  their  identity  that  had  been  put  for- 
ward twenty  years  previously  by  Eeyrieh.  Notwithstanding  this, 
the  specimens  which  have  been  f^red  in  illustration  of  his  views 
«mhrace  examples  with  spines  of  both  the  jneuraeatUhtu  and  Orlfto- 
carUkut  type. 

The  principal  difference  between  the  genera  Orthac/inthus  and 
Pleumcnnthus  in  tlio  type  specimens  figured  by  M.  Agassiz  lies  in 
the  position  of  the  two  rows  of  denlielos  or  barbs.  IJuth  s[)incs  are 
figured  as  straight,  and  have  an  internal  cavity  open  at  the  base 
and  extending  far  towards  the  point.  In  Pleuraedntkfu  the  dentidea 
are  situated  on  the  lateral  faces  of  the  spine,  the  two  rows  being  as 
widely  separated  as  possilde  ;  whilst  in  Orthacantlnis  they  are  very 
close  together  and  extend  along  the  posterior  face.  A  reference  to 
the  series  of  spines  described  in  the  following  pages,  along  with 
those  already  dcscrilied  and  figured  in  the  memoirs  of  the  State 
purvey  of  America,  will  prove  that  the  diflcrcucc  in  the  relative 
position  of  the  rows  of  dentidea  mnst  either  be  of  small  genezie 
importance  or  that  many  new  genera  will  have  to  be  fonned  for 
their  accommodation.  Ahnoet  every  intermediate  stage  between  the 
two  forms  is  now  known ;  the  denticles  extend  at  every  angle 
between  the  sides  and  back  of  the  spine.  After  careful  consideration 
of  the  specimens,  one  is  led  to  the  more  natural  conclusion  that 
they  have  been  borne  by  fishes  having  characters  of  a  single  generic 
type,  and  that  they  should  consequently  be  included  in  the  genus 
JPleuracanihuSy  Agass. 

The  teeth  oi  Dlplodus  have  hitherto  been  found  associated  in- 
discriminately with  the  spines  of  Plr  uranrnf/ms  and  Oi'thimntlnia ; 
and  there  has  been  no  generic  difference  detected  in  tlio  somt^wluit 
numerous  species  of  IHplodus-i(iQih. :  this  renders  the  probability  of 
the  spines  belonging  to  oif^nt  species  of  the  same  genus  very  great, 
and  stamps  their  rdationship  almost  with  certainty. 

A  short  time  ago  I  had  the  pleastare  of  describing  two  newspedes 

*  Bitnuigsbtiiehte  der  kuserL  Aksd.  der  Wianofloh.  Band  Ir.  1607. 
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of  tho  genus  Compsacanthtts,  Xewb.,  to  this  Society*.  The  general 
characters  of  that  genus  suggest  a  close  2)ruximity  to  Pleuracanihus : 
tominal  opening  and  tiie  internal  oavity,  the  straight,  aoa- 
fldnate,  daggovahaped  fbnn  d  the  spine,  and  the  dUMO,  oompaet, 
ftM-grained  structure  of  the  bone  closely  resemble  Pleuraeanthus ; 
ita  method  of  attachment  to  the  hody,  and  its  position  immediately 
behind  the  head,  were,  in  all  probabilit}-,  simihir  in  the  two  p^enera  ; 
in  general  appearance  Compmcanihus  presents  a  close  approxima- 
tion to  some  of  the  Pleuracanths,  its  only  distinguishing  feature  being 
its  possession  of  a  aiogle  torn  of  dontieles  along  the  posterior  fiioe. 

The  genus  PlmracanOius  appears  to  have  been  composed  of  fish 
-diflEning  in  many  respects  from  any  known  to  eadst  at  the  present 
time.  In  external  form  they  were  formidable,  somewhat  llat-shaped 
fish,  with  a  largo  head,  larp:e  broadly  expanded  pectoral  fins, 
gradually  tapering  body,  and  large  flat  abdominal  or  ventral  fins. 
The  tail  is  not  well  known,  but  appears,  from  imperfect  impressions 
pfusurvod  in  some  of  the  German  strata,  to  have  been  imilobate, 
with  tlie  caudal  fin  extending  along  tho  doxial  and  ventral  aspects, 
and  encircling  the  end,  somewhat  after  the  manner  of  that  of  an 
eel.  Immediately  behind  the  occipital  region  of  the  head  extended 
the  defensive  spine.  The  latter  was  probably  one  fourth  or  one 
fifth  of  the  entire  length  of  the  fish.  The  body  may  have  been 
covered  with  minute  pointed  grannUtions  or  shagreen ;  but  in  the 
majority  of  the  specimens  the  skin  appears  to  hare  been  without 
scales  or  other  pioteetion. 

The  head  was  massive,  much  depressed,  and  nearly  round  in  form. 
Extending  in  the  form  of  a  half  circle  alonji^  the  anterior  margin, 
the  jaws  constitute  a  proinim  nt  feature.  They  were  armed  with 
comparatively  largo,  sharp,  three-pronged  teeth,  which  extended, 
«ow  behind  low,  fsm  tlie  dnsumlbceiice  towards  the  centre  the 
large  montii,  veiy  closely  approaching  the  character  and  formatioai 
found  in  the  Sharks  of  tihe  present  day.  The  jaws  and  various  con- 
stituents of  the  cranium  appear  to  have  consisted  of  cartilage  with 
&  multitude  of  closely  approximating  ossicular  centres.  In  the 
fossil  state  this  conformation  has  a  very  characteristic  and  pretty 
,  appearance ;  it  w  as  happily  compared  by  lieyrich  to  a  species  of 
mosaie.  Thelittle  bony  centres  are  square  in  tatm  with  the  eomen 
Tounded  fM^  end  shine  with  a  bright  and  lustrous  black  appearance. 
Many  of  the  specimens  from  the  Cannel  Coal  of  Yorkshire  are  im- 
pregnated with  iron,  which,  in  the  fitrm  of  pyrites,  has  replaced  tho 
rartihiginous  parts,  tlius  encircling  the  blad^  glittering  enamel-like 
specks  of  bone  with  a  golden  setting. 

Possibly  owing  to  the  soft  and  oasLly  compressed  character  of  the 
akeleton  of  the  head,  tho  orbits  in  the  fossils  are  not  distingnishaUe, 
and  the  position  and  size  of  the  eyes  are  not  known.  There  are  indi- 
cations,  however,  which  might  lead  to  the  inference  that  they  were 
widely  separated,  and  situated  about  half  the  diameter  of  the  licad 
from  tho  extremity  of  the  snout.  In  the  specimen  described  by  Dr. 
Cioldfuss  there  are  two  conical  depressions,  pointing  anteriorly  out- 

*  Quart.  Joum.  GeoL  Soc.  toL  xuvi.  p.  G2( 
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wards,  which  may  haye  been  coimeetod  with  tli«  nottrik.  Dr.  £ner 
oonndevB  that  thete  were  oertainly  four  or  five  gUl-aicheBy  wludi 
were  fiimbhcd  with  a  few  long  teeth.  The  gill-arches  wete  at-' 
tached  to  the  substance  of  the  hyoid  hones,  their  union  with  the 
shoulder-girdle  being  similar  to  that  in  the  Squalidie.  Immediately 
behind  the  large  jaws  the  head  seems  to  have  been  contracted  in 
width.  From  the  centre  of  this  part  the  spine  emerged.  It  was 
not  connected  by  any  artienUitum,  but  appears  to  have  been  amply 
imjilanted  in  the  oartQaginous  mass  of  tiie  oodpital  region.  In  all 
the  specimens  where  the  spine  is  present,  it  is  found  lying  in  dose 
proximity  to  and  along  the  dorsal  surface  of  the  fish. 

In  the  vertebral  cohimn  the  vertchrie  were  cartilaginous,  except 
the  apophyses  to  which  the  ribs  were  attached;  these  appear  to 
have  been  more  or  less  bony.  The  ribs  were  short  and  somewhat 
rudimentary,  broad  at  the  base  for  artienlation,  and  ending  in  a 
point.  Immediately  behind  the  spine  there  originated  a  dorsal  fin^ 
which  extended  along  the  hack  to  the  caudal  extremity.  Besides 
the  spinous  processes  attached  to  the  vertehne  and  the  spinous  rays 
which  constituted  the  fin,  there  were  two  series  of  interspinous 
bones,  the  latter  articulated  in  the  usual  manner. 

This  arrangement  probably  extended  a  short  distance  beyond  the 
abdominal  fin.  The  interspinous  hone  next  to  the  spinous  proeesa 
of  the  Yertebrs  then  disappears,  the  second  one  being  continued 
nearly  to  the  eandal  extremity  of  the  body.  A  fin  also  extended 
along  the  ventral  surface  of  the  body,  and^  joining  the  dorsal  one, 
formed  a  sinijle-lobcd  tail. 

The  pectoral  arch  was  large  and  strong.  Dr.  Goldfuss*  describes 
it  as  being  built  up  on  either  ode  of  an  inner  hone  oomposed  of  a 
single  pieoe,  which,  on  the  hinder  part,  is  bent  on  its  outer  edge  in 
the  shape  of  a  hnec.  This  edge  is  beset  with  fin-rays.  The  awU  - 
rior  ones  are  very  short  and  thin;  those  following  are  long  and  thick. 
Just  before  the  knee-shaped  angle  spriui^s  a  strou":,  distinctly  jointed 
rav.  It  carries  on  its  outward  side  seventeen  thick  strong  tin-rays, 
which  become  fibrous  towards  the  end,  and  on  its  inner  side  a 
number  of  smaller  and  closer  fin-rays.  It  is  not  dear  hy  what 
means  the  knee-shaped  bones  were  attached  to  the  remaining  hones 
of  the  shoulder-girdle.  In  a  well-preserved  specimen  of  the  pectoral 
fin  from  the  Cannel  Coal  at  Tinp^lcy,  all  the  larger  fin-rays  are 
jointed,  the  joints  between  each  articulation  averaging  about  half 
an  ini  h  in  length.  The  fin  has  probably  belonged  to  a  much  larger 
fish  tlian  the  one  described  by  Dr.  Goldfuss.  All  the  fin-rays  were 
semicartilaginoDS,  with  innnmeraUe  minute  centres  of  ossification. 

The  pelvic  arch  was  constructed  on  a  similar  basis  to  the  pectoral 
one.  A  broad,  shorty  knee-shaped  bon'  Di  anf;  from  thoT^tebral 
column;  and  to  this  was  attached  an  ai liculatcd  primary  ray,  ns  in 
the  pectoral  fin  :  but  whereas  in  the  latter  small  rays  sprang  from 
the  inner  side  of  the  primary  ray,  in  the  ventral  fin  only  the  outer 
portion  supported  fin-rays.  Dr.  Kner  describes  the  pelvic  bones  as 
forming  a  ventral  shield  studded  with  hook-like  appendages.  These 
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lie  considers  may  have  served  a  similar  purpose  to  that  of  the  claspers 
in  eaitilagin(nu  ^Am  or  the  sbeai-ftiliM.  In  some  ^ednMna  tiief 
«re  absent ;  and  these  he  oondndes  were  female  fishes. 

The  SOOtUlgiesl  affinities  of  this  genus  have  been  the  snbjsct  of 
much  careful  research.  Prof.  Agassiz  considered  it  as  representing 
a  fossil  Hay  nearly  related  to  Tnjfjon.  Dr.  Goldfuss  consigned 
the  genus  to  the  Selachians,  from  its  resemblance  to  Sgu/itinn  ;  and, 
more  recently,  Dr.  Kuor  has  contended  that  it  constitutes  a  distinct 
Older  between  the  Selachians  and  the  Teleosteans,  having  many 
iiBatares  in  common  with  each,  and  fonning  an  interaiediate  link 
between  tho  cartilaginons  and  bony  fishes. 

PLBun^CANXHUB,  Agassiz  (Davis), 

Spines  more  or  less  circular  in  section,  with  an  intemal  cavity, 
terminal  fit  the  basal  extroiiiity,  exteiuHii!?  towards  the  apex :  straight 
or  slightly  curved,  and  gradually  tapering  to  a  point ;  surface  of  the 
spine,  where  not  denticulated,  smooth  or  tiiicly  striated.  Implanted 
portion  of  base  short,  with  thinner  walls  than  the  exposed  part  of 
the  spine.  Along  some  part  of  the  surface  there  extend  two  rows  of 
denticles ;  these  may  be  widely  separated  and  lateral,  they  may  ex- 
tend in  doee  proximity  along  the  posterior  snr&ce  of  the  spine,  or 
the  two  rows  mayocoapy  anyintennediate  position  between  tho  two 
•specified. 

1.  Pleubacahthvb  KJBvnsnrus,  Agass.   Fig.  1. 

^piw  8  or  9  inches  long,  '6  to  '8  of  an  inch  in  largest 
•diameter  at  the  base,  tapering  evenly  to  a  fine  point.  Straight,  oval 
in  section,  with  an  internal  cavity  extending  mm  the  base  to  within 
a  short  distance  of  the  point.  Anterior  and  posterior  faces  smooth 
•or  finely  striated ;  their  lateral  junctions  are  armed  with  a  row  of 
acuminate  denticles  (fig.  1),  strongly  carved  towards  the  base,  with  an 


Fig.  1 — FUuracanthua  Imisnmus,  Ag. 


DentielM  of  spiiMi,  enlarged. 


inclination  towards  the  posterior  face  of  the  spine.  Each  denticle 
occupies  al)out  -1  of  an  inch.  Near  the  point  they  are  smaUer,  and 
at  the  opposite  extremity  somewhat  larger.  They  extend  from  the 
point  along  two  thirds  the  length  of  the  spine. 

K.  Agassiz,  who  described  this  genus  and  species  firam  an  imper- 
ibct  speeimen  obtabed  from  tiie  eoalrshaleB  near  Bndlcy,  l&yn  eon* 


Digitized  by  Google 


826 


eiderable  stress  ou  the  presence  of  a  large  groove  or  chamiel 
ing  along  thdlnfflriwiSMse  of  ilieflpiiie.  fheienecal^eeuiifliuinr 
my  own  csbinefc  from  the  Lower  Mid  lOddle  Coal-mMamw  of  York- 

Bhiro,  there  is  no  evidenoe  of  nielL  a  groove ;  iho  anterior  and  pos- 
terior ffioos  are,  as  nearly  as  possihlo,  one  the  counterpart  of  tlic  other. 
The  upper  part  of  the  spine  was  stronir,  the  internal  cavity  veiy 
small ;  and  the  specimens  remain  imcrushed.  The  L-wer  ])art  of  the 
^ine  was  thinner,  and  the  cavity  proportionally  larger,  the  result 
liemg  tiiat  tiie  walls  of  tlie  base  are  frequently  enithed  together  and 
Inraken.  It  appears  probable,  jndgiDg  from  the  figure  of  Pleura- 
canthns  in  the  '  Poissons  Foesiles/  tiaat  the  basal  portion  of  tilie  spine 
was  crushed  in  this  manner,  and  misk'd  M.  Afjassiz  into  supposing- 
that  there  was  a  deep  prroove  extendinj?  aloni;  the  spine.  Examples- 
from  th(^  Stallordsliire  Coal-field,  proba))ly  from  the  same  stratum  from 
which  iL.  Agassiz's  specimen  was  obtaiued,  fail  to  exhibit  any  traces 
of  this  groove. 
Locality,  L.  CM,  near  Halifax,  and  M.  CM.  at  Tingley. 

2.  Plkuracantiiijs  KRKCTrs,  sp.  nov.    Fig.  2. 

Spiiit-  straight,  ?i'b  inches  long,  '4  inch  wide  at  the        pjg^  2, 
base,  converging  in  straight  lines  to  an  acute  point. 
Oval  in  section ;  the  transveiM  diameter  one  third  Lj^^f^Sr^ 
greater  than  that  between  the  posterior  and  anterior  ••"•"•'^  iiavis^ 

faces.  An  internal  canal  traverses  the  spine  nearly  its 
■whole  len«;th  ;  near  the  base  it  is  oval  in  form,  and  the 
walls  are  thin  and  crushed;  thence  the  cavity  contracts 
and  becomcH  circular,  occupying  the  centre  of  spine. 
Exteruidly  the  anterior  and  posterior  rounded  faces 
axe  covered  with  longitudinal  striations;  and  a  number 
of  small  pittings  are  studded  indiscriminately  over  the 
surface,  sometimes  on  the  rifli:e?i.  at  others  in  the  fur- 
rows. At  the  junction  of  the  anterior  and  posterior 
faces  the  lateral  edges  are  produced,  and  form  a  series 
of  blunt  eom]»ressed  projections  or  denticles.  They 
extend  fuUy  three  fourths  the  length  of  the  spine,  and 
are  fii)m22  to  24  in  number  on  each  side ;  they  are  oma- 
m^ted  similarly  to  the  general  mass  of  the  spine. 

Locality,  Cannel  Coal,  Tindey  (M.  CM.). 

P.  t-rcrfi's'  is  n  particularly  strai.i:]it  example  of  tho 
gc^nuH  ;  and  from  this  character  I  have  vt  iituKMl  to 
derive  its  specific  name.  In  general  form  it  is  some- 
what similar  to  P.  Icevi'ssimns,  Ag.;  but  it  is  different 
in  almost  all  the  details.  It  is  more  elegant-looking, 
and  converges  from  the  base  straight  to  the  point  on 
nil  si  des.  Its  denticulation  in  no  way  rcscmbleiB  fchat  of 
J\  hrvixsimtfn,  exceptin*?  in  its  lateral  arrangement. 
The  teeth  are  broad  at  tho  base,  widely  separated,  and 
very  blunt-pointed  ;  in  P.  hi  vissimus  they  are  closely 
set,  long,  and  acuminate ;  the  spine  is  less  than  half 
the  size  of  that  of  the  latter  species. 


Spine,  uat, 

sbe. 
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3.  rLEUnACANTnUS  TEKTI9,  Sp.  IIOV.      PI.  XII.  fig.  1. 

Sj^nris  remarkably  long  in  proportion  to  the  diameter  ;  the  basal 
and  apical  extremities  are  wanting ;  when  perfect,  it  probably 
measured  6  mchee  in  length.  It  ia  *2  inch  in  dtameter.  The  baral 
half  of  the  spine  ia  rotimd  in  aeotion;  on  the  remaining  pwtion 
the  anterior  and  poiterior  facea  aie  depressed,  and  their  connexion 
"with  the  sides  forms  a  right  angle,  ro  that  the  form  of  the  spine 
nearly  approachea  a  square  (fig.  3).  J^tending  along  the  upper  half 

Pig.  3. — PUuracanthus  Unuis,  Davis. 


Seetkn  of  apine^  nat  m. 

of  each  lateral  face  is  a  row  of  blunt  denticles  tipped  with  bright 
ganoine.  The  surface  is  covered  with  fine  longitudinal  striations  and 
a  great  number  of  minute  punctures,  which  together  give  it  a  ro- 
tiralate  appearanoe.  There  ia  an  internal  cavity,  wide  and  ronnd  at 
the  haae,  and  amaller  near  the  apex.  The  cavity  extends  the  whole 
length  of  the  part  preserved.  The  spine  probahly  converged  to  a 
point  when  perfect. 

Locality,  Bone-bed,  Better-bed  Coal,  Clifton  near  Halifax 
(L.  0.:SL) 

Fleuracauihus  tetuiii  in  a  siifticieutiy  peculiar  species ;  tiie  great 
length,  small  diameter,  and  slightly  oiuv«d  form  are  eharacteristioB 
which  at  once  distinguish  it  ftom  all  other  speoiea  having  the 
denticles  arranged  on  the  opposite  lateral  faces  of  the  spine.  It 

very  nearly  approaches  in  form  the  spine  of  the  recent  Tr}/r/on, 
the  body  of  the  spine  being  nearly  scjuaro  in  section,  and  tapering 
very  little  until  the  ajjex  is  reaehcd.  The  teeth  in  the  recent 
form  are  long,  pointed,  recurr  ed  towards  the  base,  and  extremely 
dose  together ;  in  the  fossil  one  they  are  rather  widely  separated, 
broad  at  the  base,  and  end  in  an  obtnse  point.  It  is,  farther,  the 
only  species  having  lateral  rows  of  dentidea  which  is  curved. 
It  is  not  an  uncommon  occurrence  to  find  spines  appronchiiii^  more 
or  less  to  the  form  P.  cfflindricus  (Ag.) — that  is,  with  the  teeth 
on  the  posterior  aspect,  which  are  curvrd.  Several  examples  are 
known  both  in  this  country  and  America,  but  none,  so  far  aa  I  know, 
of  the  P.  ItBvitiimut  type. 

4.  Plextbacajnthus  puLCHEixrs,  sp.  nov.    PL  XII.  fig.  2. 

Spine  small  and  straight,  To  inch  in  length,  and  -1  inch  broad 
at  the  base.  Its  breadth,  for  about  three  fourths  the  length  is 
iierirly  uniform  :  it  then  becomes  rapidly  acuminate,  and  ends  in  a 
point.  Anterior  and  posterior  faces  smooth  and  considerably  do- 
presaed,  the  diameter  from  back  to  front  being  equal  to  half  the 
transverse  diameter.  An  oval  cavity  extenda  from  the  base  internally. 
The  part  of  the  spme  implanted  ia  small,  its  walla  thin  and  fre- 
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Pig,  4. — PUuracanthus  pulchdltts,  Pavie. 


JkntkUM  of  qpine^  eolarged. 

quently  mdied;  fha  upper  twotiuidsof  the  kngth  are  aimed  on 
each  lateral  faee  -with  alwut  twenty  ezquisitely  Vantifnl  httle 
denticles  ;  they  are  firmly  attached,  recnnred  towards  the  base,  and 

culminate  in  an  acute  point  (fig.  4). 

The  beauty  of  this  little  ichthyodorulite  has  suggested  its  speoifio 
name. 

Loedliiv,  Oannel  Coal,  Tingley  (If.  CJ(.)'  ^ 
It  is  poniUe  that  the  Bmall  spine,  P.  pulchelltu,  may  be  the 
immature  form  of  some  other  species;  hut  I  have  at  present  no  evi- 
dence that  such  is  the  case.  I  have  in  all  half  a  dozen  si>ecimen8 ; 
and  they  are  all  of  the  same  size  within  the  eighth  of  an  inch.^  It 
most  resembles  P  hn  isshnKSy  Ag.  There  is  a  considerable  nmi^ 
larity  in  the  denticulation  of  this  form  and  flie  type  o£  Agaasia;  at 
the  same  time  the  method  of  insertion  in  the  mass  of  the  spine  is 
different.  If  these  were  young  and  immature  specimens,  wo  ought 
also  to  find  them  of  other  and  intermediate  sizes  ;  bnt  hitherto  such 
has  not  been  the  case.  It  is  possible  thnt  further  evidence  may  be 
found ;  but  for  the  present  it  will  be  better  to  distinguish  these 
spines  as  a  distinct  species. 

6,  Pleubacahxevb  aiobbhidehtatus,  sp.  nov.   PI.  XII.  fig.  3. 

Sjmie  straight,  2  5  inches  in  length  when  perfect,  -2  inch  in 
greatest  diameter  at  the  base.  From  the  base  the  diameter  of  tho 
epine  decreases  until  it  ends  in  a  blunt  i>oint  ;  the  internal  ^^^'i^jj? 
teminal,  circular,  and  comparatively  small;  external  surface  striated 
longitudinally  ;  anterior  and  lateral  faxitB  dienlar  in  aeetion ;  the 
posterior  depressed  and  abont  the  width  of  the  diameter  of  the  spine 
(fig.  6). 

Fig.  5. — FleuraaitfUhuM  alUrmdenUiiuB,  Dana. 


Seotifm  of  ipiiie^  nat*  aue. 

The  angle  formed  hy  the  junction  of  the  lateral  and  posterior  flaoeB 

is  set  with  seven  or  eight  widely  separated  obtuse  denticles,  ex- 
tending from  the  apex  along  one  third  of  the  length  of  the  spine. 
They  present  the  peculiarity  of  being  inserted  alternately,  tho 
denticle  of  one  side  being  opposite  to  the  depression  on  the  other. 
Prom  this  characteristic  1  have  applied  the  nomcn  triviaU  as  ahove. 

Locality.  Coal-measures,  Middleton  near  Leedk  Leeds  literary 
and  Philosophical  Society's  linaeom. 
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P.  aUemidmtaiM  is  more  nearly  related  to  P.  aUOui  than  to  any 
othw.  It  is,  however,  easily  distrngnished  by  ita  more  robust  ap- 
pearance, the  diameter  Ix  ing  greatest  between  the  anterior  and  pos- 
terior surfaces,  whilst  in  F.  <(Jatns  the  transverse  diameter  is  greater. 
The  walls  of  the  spine  in  this  species  are  much  thicker  and  stronger 
than  ini^  alutus.  The  point  of  most  divergence  consists  perhaps  in 
the  widely  separated  and  alternate  denticles. 

6.  PLEURACANxnus  PLAJTUs,  Agass.  (sp.  indet.). 

In  the  '  Poissons  Fossiles/  tome  iii.  p.  170,  M.  Agassiz  records  a 
spine  of  PhuvacantJms,  to  which  he  has  appended  the  specitic  name 
planus  ;  it  is  said  to  be  from  the  Coal  at  Ix*cds.  Sir  Philip  Egerton, 
who  possesses  the  type  of  P.  planus,  writes  me  that  it  is  about  ^ 
an  ineh  in  length,  the  basal  end  being  absent;  there  are  six  or  seven 
strong  booklets  on  each  side  imbedded  in  the  matrix.  The  eizposed 
snifaoe  is  qnite  smooth  and  flat.'' 

7.  PU!TTRACA1?THT78  AtATrs,  sp.  DOV.     PI.  XII.  fig.  4. 

Spine.  Length  2-2  inches,  breadth  -2  inch ;  the  general  form  is 
straight.  A  Bli|[^t  appearanee  of  cnrrature  is  given  by  the  anterior 
face  cnrving  from  &b  base  to  tiie  apez,  wUlst  the  posterior  is 
fltraight.  Prom  the  basal  end  to  the  middle  the  spine  has  been 
crushed;  it  appears  to  have  been  uniform  in  diameter ;  from  raid- 
length  to  the  apex  it  becomes  gradually  smaller,  and  ends  in  a  fine 
point.  It  i-s  imifoTnily  striated  on  the  anterior  and  posterior  sur- 
faces ;  the  intermediate  furrows  are  frequently  broken  into  a  suo- 
oession  of  pittings,  especially  the  lower  parts.  There  is  an  internal 


fig.  Q»—JPleuraeantku8  dlatu»f  Davis. 


«•  Section  of  q^e^  nat.  aise.    b.  Denticles,  much  enlaiged. 

» 

«avity,  open  and  large  at  the  base.  In  section  the  posterior  fiuse 
fbrms  amuflhrdflprcBBcd  onrve,  the  anterior  curvatnre  forming  a  semi- 
circle above  it  (fig.  6  a)  ;  the  lateral  angles  formed  by  the  junction 

of  the  two  are  ornamented  or  armed  witli  a  row  of  denticles  (fig.  6  6), 
numbering  ten  on  each  side.  They  extend  from  the  point  vS  of  an 
inch.  The  denticles  are  broad  at  the  ba.se,  closely  set  and  short, 
terminating  obtusely,  with  a  slightly  trenchant  edge  parallel  to  their 
longitndinid  aads.  Those  nearest  the  apex  of  the  q»ine  are  less  pro- 
duced than  those  lower  down. 
Zoca%.  Cannel  Coal,  Tingley  (M.  OJC). 
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8*  PUnrE40ARXHim  wkbtotui,     nor.  PL  XII*  6* 

i6^ti«.  Length  d*5  to  4*5  inehefi.  Breadth,  about  mid-laigth,  *4 

of  an  iiuh.  ri  om  the  middle  the  diameter  of  the  spine  beoomes 
emallor  in  each  direction  ;  towards  the  apical  extremity  it  oontracta 
rapidly,  and  terminates  in  an  ohtuse  point  :  the  base  is  reduced  ia 
three  fourths  the  largest  diameter.  Hie  spine  is  straii^ht  alon^  the 
dorsal  side ;  the  opposite  one  sliglitly  curved.  The  lateral  and  an- 
terior tQT&oea  are  oorerad  with  fine  bat  yeiy  dedded  longitDdinal 
furiowB,  nnmeroiis  towards  the  base,  and  disappearing^  without 
anaatomosis,  t»)wards  the  apex.  The  general  form  of  the  spine  in 
section  (fig.  7  (i,l>)  is  rotund,  the  lateral  faces  being  produced  out- 
wardly so  as  to  meet  the  more  depressed  curvature  of  the  dorsjil 
aspect.  The  dorsal  surface  is  wide,  embracing  nearly  one  third  of 
the  entire  circumference  of  the  spine.  It  is  produced  so  as  to  form 
A  large  median  ridgo  :  and  along  the  centre  of  this  there  are  a  nnnber 

fig.  7. — Flmraeemihiia  rolmtui,  Dayia. 
a  b 

(!)  a 


a.  Section  of  the  gpine  nenr  the  hnse.      h.  Soction  nearer  the  point. 

c.  DenticU's,  ciilarge<l. 

of  small  punctures,  which  occasionally  coalesce  and  form  n  slight 
groove.  Un  each  side  of  the  median  ridge  is  a  proportion  idly  deep 
furrow.  The  angles  formed  by  the  outer  edges  of  these  furrows 
and  the  sides  of  the  spine  are  armed  with  a  series  of  laige  doselj-set 
acuminate  denticles  (fig.  *Jc).  They  extend  from  the  surface  of  the 
spine  *I  of  an  inch,  bieing  nearly  one  half  the  diameter  of  the  spine 
they  are  very  strongly  im])lanted,  and  recurved  towards  the  base 
The  outer  surface  of  the  denticle,  ?'.  e.  the  one  forming  the  larL'est 
curve,  is  produced  in  the  form  of  a  minute  carina  or  keel.  Tin  re 
are  about  twenty  denticles,  ext-cnding  rather  less  than  one  hah  the 
length  of  the  posterior  face.  The  internal  cavity  is  round,  and, 
except  at  the  base,  is  comparatiTely  small ;  it  is  in  the  centre  of  the 
spine.  The  walls  of  the  cavity  are  thin  where  it  has  been  imbedded 
in  the  muscles  of  the  flesh  ;  they  gradually  gain  in  thickness  and 
strength  until  the  cavity  ends  in  a  point  about  1  inch  iXQUi  the  distal 
end,  the  remaining  part  ])eing  solid. 

The  preceding  species,  viz.  PlearacanihMX  robustnSy  alaius,  and 
dUemidentatm^  possess  features  in  which,  speaking  broadly,  they  are 
somewhat  similar  to  each  other.  Whilat,  however,  they  possess  thia 
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general  similarity,  they  differ  considerably  in  detail.  P.  rolustiui  is 
a  loiger  and  stronger  spine  than  either  of  the  others ;  it  has  quite 
double  the  inimto  of  denticles  on  its  posterior  sor&oe ;  end  the 
space  between  the  two  rows  of  denticles  is  produced  so  as  to  form 
a  very  distinct  median  keel ;  it  is  deeper  from  back  to  front ;  and  the 
internal  orifice  is  proportionally  small.  1\  aJatiis  is  a  broader  spine  j 
its  diameter  is  greatest  from  side  to  side  :  whilst  P.  alternidentatus  is 
as  nearly  round  as  possible — neither  of  the  latter  two  possessing  apos- 
toiior  mediaii  keeL  The  posterior  teeth  differ  in  eadi  of  the  species. 
In  P.  roftutfttf  the  teeth  are  long,  arehed,  and  terminate  in  a  fln» 
point ;  they  present  the  appearance  of  being  implanted  in  alrecilar 
cavities.  The  denticles  of  P.  al<Uus  are  short,  broad  at  the  base,  and 
obtusely  pointed  ;  they  seem  rather  to  bo  produced  from  the  body 
of  the  spine  than  implanted ;  they  are  opposite  to  each  other,  and 
in  this  respect  ditier  iiom  those  of  P.  alUniidentatus,  in  which  the 
denticles  alternate ;  in  the  latter  also  tins  dantiiclfls  ave  mndi  wider 
apart,  the  spaces  between  them  being  quite  double  the  breadth  of 
the  base  of  the  tooth. 

An  iclitliyodorulite  from  the  Linton  coal-beds  of  America  is  de- 
scribed ])y  Trof.  J.  H.  Xewberry  in  the  I'aheontological  part  of  the 
•  Geological  Survey  of  Ohio,'  p.  5f),  pi.  lix.  fig.  7.  It  is  somewhat 
similar,  judging  from  the  figure,  to  P.  alatiis.  It  is  more  slender  j 
the  teeth  are  more  numerous,  acute,  and  recorved ;  it  is  also  straight 
and  immd.  P.  alaius  is  slightly  curved,  and  the  teeth  are  blunt. 
Th»  Ameriean  specimen  is  named  by  Br.  Kewbeny  OrAaeaniluis 
graeSUs. 

flL  PmntAOAHTHTO  omvDBious.  Fig*  8. 

OHhaeatUhttB  eyUndriem,  Agass.  Poiss.  Foss.  toL  iii.  pL  45.  figs.. 
7,8,9, 

Prof.  Agassiz  gives  a  figure  of  this  species  along  with  the  name, 
but  does  not  describe  it.  A  reference  is  made  to  the  genus  in  the 
third  volume  of  the  descriptive  text,  p.  'VMK  ns  a  straight  spine,  of 
circular  fonu,  with  two  rows  of  sharp  teeth,  the  specimen  being 
from  the  Coal-formatiun  near  Manchester. 

The  length  of  the  spine  in  a  perfect  state  and  full-grown  is  from 
16  to  18  inches.  The  one  I  have  before  me  is  16  in(£es  in  length. 
Its  greatest  diameter,  2  inches  from  the  basal  extremity,  is  -7  of  an 
inch.  From  this  maximum  thickness  it  tapers  graduall)'  and  per- 
sistently towards  the  apex,  which  ends  in  a  shaq)  ])()int.  The  8])ino 
is  circular  in  form  thruugbout  its  entire  length.  There  is  a  round 
cavity  extending  from  the  bjise  to  about  two  inches  from  the  point. 
Where  the  tiiif^ess  of  the  spino  is  greatest  the  cavity  occupies  one 
third  the  diameter,  and  slightly  approaches  towards  the  anterior 
surface ;  thence  the  cavity  gradually  contracts  to  a  point  towards- 
the  apex.  Li  the  opposite  direction  the  cavity  is  terminal,  the 
orifice  becomes  r.fpidly  extended,  its  walls  thin  out,  and  end  in  a 
sharp  edge  at  its  basal  extremity.  One  inch  and  a  half  appears  to 
have  been  imbedded,  the  remainder  exposed.  The  external  surface 
is  oorered  with  well-marked  fine  longitudinal  striatlons,  whidh,  be* 
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come  finer  or  altogether  disf^ipear  near  the  point.  On  the  posterior 
ikoe  there  is  a  doaUe  lov  A  obtosely  pointed  dentudee  two  teotlui 

Fig.  8. — FUiuraeatUhut  tylimbrieutf  Davis. 


A.  Seetion  of  qriiM,  b»  Fort  inn  of  posterior  Burfaoek  diowing  dantifllii* 

e.  Beutidea,  enlAifed. 

«f  an  inch  apart,  except  near  the  apex  (where  the  space  between 

them  is  much  reduced),  slightly  curved  towards  the  base.  They  ex- 
tend from  the  point  downwards  7^  inches,  and  increase  somewhat 
irregularly  in  size  with  tho  diamctor  of  the  spine  or  towards  the 
base.  Tho  donliclos  arc  lirmly  implanted,  round  noar  their  base, 
but  contract  and  form  a  cone  elongated  transversely  to  the  longitu- 
dinal axis  of  the  spine ;  so  that  whilst  the  points  axe  towards  the 
base,  they  are  also  tamed  decidedly  away  from  the  centre  of  the 
spine  (fig.  86).  In  the  specimen  figured  by  M.  Agassi/.*,  a  median 
ridge  is  reproscntod  alon;?  the  posterior  face,  between  the  two  rows 
of  denticles,  and  Cfnitiiiuinc:  tho  whole  Icni^th  of  the  spine.  In  the 
specimens  I  have  examined  this  dues  not  occur:  there  is  sometimes 
aleTel  surface  between  tho  denticles ;  but  more  frequently  there  is  a 
very  decidedly  hoUow  groove,  which  rarely,  howeyer,  extends 
beyond  the  tennination  of  the  denticles. 

A  section  of  another  spine  is  represented  in  fig.  8  a,  in  which 
the  denticles  are  very  widelv  ncparated.  It  is  of  the  same  species  as 
the  Hjieeimcn  desei  il^ed  a]x>vo ;  and  all  the  intermediate  stjij^es  may 
be  traced.  In  this  instance  the  spine  is  of  the  same  diameter  as  the 
4tte  represented  in  fig.  8  6,  whilst  the  denticles  are  four  tenths  of  aa 
inch  apart,  or  double  the  distance.  There  is  also  in  this  example  • 
most  decided  groove,  equidistant  between  the  rows  of  denticles,  and 
quite  one  tenth  of  an  inch  across. 

Lora7it)f.  Not  uncommon  in  the  Coal-measures. 

I  am  indelttcd  to  ^fr.  John  "Ward  for  placing  at  my  disposal  tho 
beautiful  specimens  from  which  the  above  descriptions  Lave  been 
principally  derived.  They  are  from  the  ironstone  shale  at  Fenton, 
in  Staffordshire.  They  are  much  larger  and  in  better  preservatioiL 
than  any  I  have  seen  from  the  Yorkflhire  Coal-fieUL 

*  Op,cit 
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Dr.  Goldfuss,  in  1847,  described  and  figured  Orthacanihus  De- 
«A«m*,  found  In  CSoal-mMsoxo  asiidstoiMS  aft  Buppersdorf,  in  Bohd- 
mla.  The  whole  lemaiiis  of  a  foeail  fish  were  fbund,  with  the  spine 
ftfll  attadhed  to  the  back  part  of  the  bead.  The  fish  probably  mea- 
sured 18  inches,  and  the  spine  4*8  inches.  The  spine  is  described  as 
*'  a  9inp:lc,  straight,  plain,  rircular,  bodkin-  or  spike-shaped  spine, 
bearing  on  the  posterior  surface  a  row  of  barbs  or  denticles  slightly 
distant,  alternately  right  and  left  of  a  somewhat  elevated  median, 
ridge/'  An  enlaxged  figure  of  the  spine  is  also  given.  The  distinct 
median  ksel,  together  with  the  alternate  and  widely  separated  den- 
iieUs,  appear  to  distinguish  this  spine  sufficiently  from  any  other 
species  since  described.  Its  nearest  relative  is  0.  ciflindrlciis  of 
Agassi/.,  with  which  it  agrees  in  being  straight,  circular,  and  taper- 
ing to  a  point.  0.  cyliyulncus,  however,  has  no  median  keel ;  and 
its  denticles  are  dose  and,  for  the  most  part,  opposite. 

OrihaeaiiUhm  bohemieus,  Fritseh,  irom  Eonnora,  Bohemia,  appears 
in  most  respects  to  be  closely  related,  if  not  identical  with,  P.  eyUnr" 
drieuB,  It  is  straight,  and  finely  striated  longitudinally.  The  two 
TOWS  of  denticles  are  rather  closely  approximated,  and  appear  to  be 
separated  by  a  nudiaii  groove. 

The  three  species  P.  robustuSf  P.  alternidentatus,  and  P.  aUitus  aro 
extremely  interesting,  because  they  serve  to  bring  together  into  one 
genns  the  PUuraeofUhiui  and  OrihaeanUkui  of  M.  Agassiz.  They  form 
intermediate  links  between  the  two ;  the  laterid  teeth  of  Plem  a- 
canthus  UevissimKS  give  place  in  these  species  to  others,  which,  though 
not  so  widely  pLicod  as  in  P.  lavisshnm,  arc  still  very  wide  apart ;  the 
posterior  snrfafo  t  uclosed  by  the  two  rows  of  teeth  occupies  fully  one 
third  the  circumtcrence ;  and  in  this  respect  they  differ  equally  from 
the  OrtAoacmAiis  ^flindriati  figured  bj  If.  A^assic,  in  whieh  the 
two  rows  of  dentides  are  very  dose  together. 

OrthacanOiiis  is  a  circular  spine.  Not  only  does  this  apply  to 
0.  ajUndrieuSy  but  to  other  spccirs  which  have  since  been  described. 
Plenracanfhus  is  depressed,  forming  an  oval  section.  In  the  species 
under  consideration  a  triangular  form  is  a.ssumi>d,  caused  by  the  rows 
of  denticles  piojectiug  beyond  the  ba^al  line  ul  its  juuctiua  with  the 
ndes ;  this  is  espedally  the  case  in  P.  alatus.  It  has  already  been 
mentioned  that  ihe  specimens  of  P.  (Orthaeanihut^  Ag.)  cylindruu$ 
Tary  much  with  respect  to  the  position  of  the  posterior  denticles ; 
in  the  type  specimens  they  are  quite  near  together,  whilst  others, 
similar  in  all  else,  have  the  rows  of  teeth  placed  wide  apart.  In  the 
example  figured  (fig.  8  a)  the  denticles  are  almost  as  widely  sepa- 
rated as  in  jP.  robusius  or  P.  alatus.  Taking  all  these  circumstances 
together,  we  are  driven  to  the  condnsion  tiiat  there  is  no  generic 
diAnrence  between  PUuraemlhut  and  OrfJincanihus,  When  FroL 
Agassig  described  the  two  genera,  only  the  ttctreme  forms  were 
known ;  and  they  appeared  sufficiently  distinct  to  warrant  their  generic 
separation.  During  later  years  many  other  intermediate  forms  have 
been  found ;  and,  as  was  suggested  by  Sir  P.  Egerton,  the  approxi- 

*  Beitnigo  zur  vorweltlicben  Fauua  des  Steinkohlengebiiges  (JBonn,  1847), 
plate  5.  figs.  9-11. 
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ination  of  the  rows  of  dentidifle  is  now  pfoyed  not  to  be  a  feature  of 
fludi  importanoe  as  to  render  a  distinct  genus  necessary ;  indeed 
tlie  frequent  occurrence  of  tho  deiilicle^  of  P.  cyUndnem  widely 

sop;iratod  renders  this  foature  of  little  vjilue.  Taken  in  conjunction 
■with  the  fact  that  nearly  all  the  species  of  Orthactintlms  described 
Bince  0.  ojlindncus  have  been  more  or  less  cur\-ed,  there  can  be  no 
reason  why  the  genus  should  not  merge  in  Pleuraeanihus, 

10.  JPLErRACA>-Tnrs  Wai:i»t,  sp.  nov.    PI.  XU.  fig.  6. 

Imperfect  »pxne^  f)  inches  long,  base  and  point  wantinj;  :  broadest 
part  '5  inch,  and  the  opposite  end  ".'i  inch  in  diameter.  It  is  curved 
backwards.  Tho  a!iteni)r  surface  is  semicircular  in  section,  and 
covered  with  very  tine  longitudinal  striae.  Tlie  sides  are  produced 
somewhat  squftrely  ;  posterior  portion,  from  the  median  lateral  angb 
to  l^e  point  of  inswtion  of  the  dentides,  is  depressed,  as  in  fig.  9« 


There  are  two  rows  of  denticles,  extending  along  4  inehes  <^  the 
posterior  face  of  the  spine  in  this  specimen.  In  a  perfect  example 
the  extent  of  denticulat<?d  surface  would  considerably  exceed  this 
lenprtli.  Tho  rows  of  tcctli  are  about  one  tenth  of  an  inch  apart, 
and  are  separated  Ijy  a  median  i^roove  ;  they  are  obtusely  ])ointed  ; 
the  intervening  spaces  arc  connected  together  so  as  to  form  a  con- 
tinnons  longitudinal  ridge,  produced  from  the  snr&oe  of  the  spine, 
rather  than  a  series  of  separate  teeth.  The  internal  oarity  is  large 
in  proportion  to  tho  size  of  the  spine. 

Tliis  species  is  distinguished  from  P.  ci/liuflricus^  the  species  to 
wliieh  it  is  most  closely  allied  in  form  and  characteristics,  by  its 
decidedly  cuiTcd  form,  by  the  arrangement  of  the  denticular  lines 
80  as  to  form  a  continuous  ridge  Avith  sliglii  obtuse  projections,  aud 
by  the  narrower  space  constituting  a  simple  grooye  between  them, 
l'  have  muok  pleasure  in  employing  the  name  of  Mr.  Ward,  of 
Longton,  in  order  to  distinguish  this  spine  specifically.  Like  most 
workers  in  fossil  ichthyology,  I  have  boon  much  indebted  on  many 
occasions  to  his  uniform  kindness  and  willinp^noss  to  render  assistance, 
either  by  his  extensive  knowledge  or  tho  ample  contents  of  his 
cabinets. 

LoeaUUf,  New  Ironstone  (llagminc),  Fenton,  Staffordshire. 
11.  Fleitbacaitthus  snrxrcinumTB,  sp*  noy.  PL  XII.  fig.  7. 

f^^inc.  Lcn-^tli  2  2  inches,  dlametw  "2  of  on  inch ;  basal  end  not 
pcrf(  rt.  From  the  base  it  becomes  gradually  smaller,  and  ends  in  a 
iine  point.   It  is  slightly  curved  dorsally.   The  anterior  and  lateral 


Fig.  9» — PleuraeaiUhiu  Wardi,  I>ayjs. 


SeoU<m  of  spin^  nat.  nxe. 
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soifaces  are  lOQiid  aud  smooth  ;  the  posterior  is  depressed,  one  tenth 
of  ill  inoh  aorow  at  tibe  base,  oontnoting  to  a  imall  groove  towaids 
the  apex;  the  aii§^  loimed  by  the  eontaet  of  tiie  poetatior  and 

Fig.  lO^JPUurtuenUkim  dmUkulaUm^  Ba^.. 


DiiitiioiM  of  the  fepinB^  enkiged. 


lateral  fiioea  are  aimed  with  a  scries  of  closely  aei  dentklee  (fig.  10), 

-wliich  firo  smnll,  comparntivoly  broad  at  baso,  coTitrnctinp:  suddenly, 
then  forming  a  carinated  apex,  pointed  at  the  extremity  towards 
the  base  of  the  spine.  There  are  20  dcnticlos  on  each  side  in  the 
apace  of  an  inch ;  and  in  the  specimen  figured  there  are  45  on  each 
side.  A  circular  cavity  (wUeh  appears,  aa  ii8iial,to  be  tennmal)  ex- 
tends towBidaiSiepomt;  St  ia  large  in  diameter  in  proportion,  to  the 
apine. 

Locality.  Iktter-bcd  Coal,  Clifton,  near  Halifax. 

Several  Bpecimens  which  have  Itcon  obtained  from  the  Cannel 
Coal  at  Tingley  may  probably  be  referred  to  this  genus.  They  pre- 
sent some  points  of  dMerence ;  but  these  may  probably  be  accounted 
Ibr  by  the  lelatiTe  pontion  of  the  two  atratigraphically,  the  Gannel 
Coal  being  several  hundred  feet  higher  in  the  Coal-meaaoie  aerifla 
than  the  Bone-bed.  The  Tingley  spines  are  slightly  compressed 
latorsiUy  ;  the  anterior  and  lateral  faciN  are  striated  near  the  basal 
extremity  ;  the  posterior  denticles  are  small  and  much  reserablo 
those  of  the  Bono-bed  specimens ;  the  baso  is  better  exposed,  its  walls 
are  rather  thin,  and  Uie  internal  cayity  is  large ;  the  spines  ex- 
pand towards  the  base.  A  perfect  example  will  be  about  3*5  iDches 
in  length. 

P.  denticulatus  appears  to  be  most  nearly  associated  with  P. 
War'l'^  and  with  a  spine  described  by  T)r.  Xewberrj'  (in  tho  Palac- 
ontological  volume  of  the  '  Survey  of  ( )hi(>,'  vol.  i.  p.  Ii)i2,  pi.  lix. 
fig.  4)  as  OrUun^anihus  arcuatus.  The  latter  is  described  as  finely 
striated  hm^todiiiaUy  on  the  anterior  snzfaoe— the  posterior  snxlaoe 
occapying  one  third  uie  dromnference,  and  having  a  low  ridge  along 
the  median  line.  The  denticles  extending  along  Uie  latero-posterior 
angles  are  much  closer  together  and  more  numerous,  and  from  tho 
figure  appear  to  be  quite  different  in  character  from  those  in  my  spe- 
cimen. In  all  these  particulars  the  two  sjM  rjcs  are  clearly  divergent ; 
in  other  respects  they  are  similar ;  ia  cun  uturo  and  general  form 
thoy  are  eridently  very  dosely  rdated. 

P,  deniieuktiuB  is  esinfydistingaished  from  P.  Wardi  by  the  laige 
size  of  the  latter,  the  peculiar  squareness  of  its  lateral  faces^  and 
its  obtuse  teeth  connected  together  by  intermediate  ridges*  Jjk 
these  respects  they  di^r  essentially  from  each  other. 
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EJLBhASAXlOJi  OF  PLAX£  XIL 

Kg.  1.  Spine  of  Pleurarantkm  Umiis,  Davis,  nat.  sizo. 

2.  Spine  of  PkuraccMihmpmkheUmt  Daris,  twice  naU  use. 
8.         of  Pkmnmimthm  alttmidaUaeuB,  DariB.  nat.  ilM. 

4.  ^aobld  Plfuracanfhus  alatm,  Davis,  nat.  size. 

5.  Spine  of  Pieuracanihus  robtutus^  Davis,  nat  size. 

6.  Spine  of  PUitraeanihm  Wardi,  Davia,  nat.  size. 

7.  Spine  oiPlnmeantkm  datHmhiut^  Dsfiflb  mt  tbt. 

DjuhjubBIOIT. 

The  Prestpkxt  stated  that  in  the  southern  division  of  Yorkahw 
fish- remains  arc  much  more  common  than  is  usually  supposed. 

Dr.  Duncan  remarked  upon  the  variability  of  spines  in  fishes. 
He  welcomed  the  reduction,  in  the  number  of  genera,  but  was  not 
prepand  ta  aeoept  Mr.  Davis's  views  on  tiie  affinities  of  these  fish, 
espeeially  in  the  abeenoe  of  all  TeLeoeteans  ftom  the  Seoondaiy  for- 
mations. 

The  AmrHOR  stated  that  many  tons  of  fossil  fish-remains  mnst 
have  been  destroyed  before  the  interest  of  the  coal  band  was  dis- 
covered. In  reply  to  Dr.  Duncan,  he  dei)recated  the  acceptance  of 
negative  evidence  as  to  the  absence  of  Teleostean  forms  in  Mesozoio 
times.  He  signed  that  both  CodacanihuB  and  Plmracanfftm  were 
probably  freshwater  fishes,  the  former  possessed  of  an  air-bladder. 
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24.  r/l<?  rRECARBONIFEROUS  lloCKS  o/ChARNWOOD  FoREST. — Part  III, 

Conclusion.  liy  the  liev.  E.  Hill,  M.A.,  F.(J.S.,  and  Professor 
T.  G.  BoNSEY,  k^.,  F.R.S.,  Sec.  G.S.   (ikad  May  26, 1880.) 


1.  The  Nortiiern  District. 
2l  Additional  oorrelatioiw. 

8.  Tlie  diPtrict  of  Sharplev, 

Ratchet  Hill,  and  Feldar  Tor. 


4.  BardonHilL 

5.  FhignwiiteinagglonuntMu 

6.  Tlio  8lafrs. 

7.  Igneous  Koclca. 


In  our  fonncr  communications  on  tins  nfftoL  we  gaye  a  general 

description  of  the  northern  district.  Though  some  points  were 
worked  ont  in  detail,  vet  less  time  was  devoted  to  this  than  to  the 
more  accessible  districts,  and  several  dilHcultics  remained,  on  which 
we  hoped  that  renewed  work  and  wider  o:q^ricnce  would  throw 
eomeljght.  Aeeordingly,  during  the  laiit  two  years  we  have  repeatedly 
visited  the  neighboiirhood,  and  added  largely  to  our  coIleiBtion  of 
rocks  and  slides*;  the  present  paper  contains  the  results  of  these 
atndies^  which  we  yentare  to  hope  will  not  be  without  interest. 

(1)  The  NoHhem  DitHtiBU 

In  our  brief  nofiee  of  the  beds  in  the  Blaekbrook  and  Charley 
region,  as  we  had  paid  no  minute  attention  to  them,  we  followed 

previous  writers  in  calling  some  of  them  qnartzites.  As  will  appear 
from  the  descriptions  helow,  no  rock  here  can  properly  be  called  a 
quartzite  ;  and  we  propose  to  denote  this  important  group,  apparently 
the  lowest  visible  among  the  Chamwood  beds,  simply  as  the  Blaek- 
brook series.  The  normal  rock  is  a  pale-greenish  sandy -looking 
rook,  oommonly  modi  stained  with  Ibmte  from  the  Trias,  mome  or 
less  finely  banded,  and  somewhat  deaved.  It  is  best  seen^  near  the 
Blaekbrook  toll-gate,ontiie  Ashby  and  Loughboroi|(g^road,  and  here 
is  of  a  pale  greenish  grey  colour,  with  reddish  stains,  somewhat  com- 
pact and  decidedly  like  a  quurtzitc.  Under  the  microsco])e  it  exhibits 
a  dear  matrix  full  of  ver}"  small  microliths  (belonites  kc.)  of  a  very 
pale  green  colour,  with  irregularly  disseminated  subaugular  grains 
of  quartz,  and  some  felspar,  now  and  then  stained  with  fiannte.  The 
mievoliths  are  probably  a  pale  fibrous  variety  of  hornblende.  With 
crossed  Nicols  many  parts  of  the  slide  show  a  eryptocr}'8talline 
structure,  resembling  that  of  a  devitrifiod  rhyolitc,  distinct  frag- 
ments of  which  rock  appear  to  be  present.  From  the  structure  we 
should  suspect  that  the  rock  originally  was  largely  com|)osed  of  a 
pumioeons  dost.  The  rock  by  Charley  church,  which  has  a  general 
resemblance  to  the  abofS^  and  is  probably  on  nearly  the  same 
horizon,  strongly  confirms  this  yiew.  It  is  composed  chiefly  of 
small  fragments,  apparently  rather  angular,  but  looking  as  if  much 
compressed,  which  very  closely  resemble  bits  of  a  rather  decomposed . 

*  More  than  60  slides  have  been  prepared,  nil  by  Mr.  F,  G.  OMteDy  -^"rg 
the  total  number  examined  from  Obamwood  about  IfiO. 
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glasqr  trachyte,  indications  of  a  fluidal  rtracture  being  still  dis- 
ceroible.  Among  these  (besides  the  above  microliths)  occur  Teiy 
angular  fragments  of  quartz  and  a  few  of  felspar  crystals. 

At  Upper  Blackbrook,  on  a  ridijo.  are  beds  containiiii?  ])lenty  of 
visible  quartz  grains,  and  small  Ira^mcuts  of  a  decompoiicd,  whitish, 
Tery  eompact  folate.  OnlTeBHead,ande«stofPlnneyHi]laieooatBe* 
grits,  lihe  grains  bemg  piindpally  decomposed  felspar  or  felsite,  as 
if  watcrwom  voloanio  materiaL  Some  beds,  as  on  the  west  side  of  the 
bed  of  the  old  Ecservoir,  are  of  finer  material,  compact  flinty  slate.  A 
greenish  mottled  variety  occurs  in  the  garden  of  the  faim-house  by 
the  isolated  outcrop  near  Charley  Wood.  It  is  an  ashy  grit,  seen, 
under  the  microscope,  to  consist  of  rather  rounded  grains  of  felspar 
with  some  quartz,  aod  nomerons  fragments  the  exact  nature  of 
which  it  is  hard  to  determine;  but  some  certainly  seem  to  he 
trachytic  lapilli,  and  the  whole  is  not  improbably  detritus  from 
a  trachytic  volcano.  One  of  the  quartz  grains  contains  a  relatively 
lar^o  irregular  enclosure  which  is  almost  certainly  a  devitrified 
glass. 

We  do  not,  with  onr  present  knowledge,  feel  in  a  position  to  corre- 
late all  the  outorops.   The  series  forms  a  well-marked  base  to  the- 

Ghamwood  r  Ivs  ;  and  the  similarity  of  outcrops  on  the  same  strike 
seems  to  show  that  there  is  little  disturbance  by  cross  faults.  On  the 
other  hand  we  have  more  than  once  suspected  some  repetition  of  beds 
hy  strike-faults,  particularly  at  Blackbrook.  There  are  arguments 
both  for  and  against  this  view. 

The  beds  in  tliis  northern  region  on  the  east  side  of  the 
anticlinal  have  hitherto  been  supposed  to  differ  entirely  from  this 
Blackbrook  series.  This  ^iew  we  accepted  in  our  former  notices. 
But  when  we  came  to  examine  them  more  minutely,  it  appeared 
that  with  some  differences  they  had  also  many  common  characters. 
At  Short  Cliff  and  some  other  points  green  slaty  rocks  are  found  closely 
agreeing  with  some  of  the  Upper- Blackbrook  beds.  At  the  Whittle- 
Hill  quany  and  to  the  west  of  it  are  whitish  ashy-looking  fine  grits 
or  gritty  slates,  whose  materials  recall  the  white  decomposed  fclsitio 
fraiiinents  of  Upper  Blackbrook.  The  rock  of  Moorley  Hill,  where 
two  large  quarries  are  opened,  is  externally  very  different :  yet, 
under  the  microscope,  even  this  aijpeara  to  have  affinities  with  the 
rest.  Here  are  dull  greenish  handed  grits,  some  beds  being  very 
fine.  The  microscope  shows  the  coarser  rock  to  be  composed  of 
angnlar  and  subangnlar  fragments  of  quarts,  felspar  (both  orthodaso 
and  plagioclase),  with  rodk-fragments,  some  appearing  to  be  tra- 
chytic, and  one  showing  very  distinct  traces  of  fhiidal  structure. 
There  is  iron  peroxide,  some  decomposed  ilmenite,  and  a  good  amount 
of  viridite ;  and  the  felspathic  constituents  are  much  decomposed. 
The  materials  have  probably  been  arranged  by  water. 

An  outcrop  about  half  a  mile  west  of  this,  seemingly  of  the  lowest 
beds  on  the  east  side  of  the  antidinal  (a  quarter  of  a  mile  south  of 
the  east  end  of  Whitehorse  Wood),  diows  soft  ashy  grits  and  fine 
slaty  rock,  some  of  the  latter  being  very  like  some  Blackbrook 
varieties,  while  the  other  is  akin  to  Moorley  HilL  HicrosoopicaUy, 
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the  green  rock  shows  tho  usual  const! tuonts,  with  some  signs  of 
decomposition,  a  larger  proportion  of  riridite,  including  Bome  chlorite^ 
The  material! 

There  is  rock  in  the  spinney  by  tho  Xew-Cliff  quarry  wbicli  it 
externally  ditFercnt  from  most  of  tho  Blackbrook  series.  It  haa^ 
however,  something?  in  common  with  the  Ives-Head  beds.  This  b 
a  c<)arso  greonish-grey  grit,  of  well-rounded  grains.  Microscopically, 
even  this  has  u  general  re^scn^blanoe  to  the  specimen  from  Hoorley 
BSIL  esuenfc  tiudi  tiw  anmmhm  Doit  a£  the  mMBi  mln«wf  im  Saakitw 
Tilhifltiiig.  Li  both,  tiia  U6fm  iritix  tEeIr  inidaded  nuoroUIlM 
fod  genenl  atrnotore  reoaU  those  in  many  modem  tzachytea, 

(2)  AddiUonal  OorrtiaHon$p 

On  the  weat  side  of  the  antidinal  the  BbcUnook  aeiiea  appean 

everywhere  to  be  overlain  by  the  coarse  ashes  of  the  Honarteiyy 

Hanging  Stones,  &c.,  the  agglomerates  of  the  High-Towors  region, 
and  tho  rocks  of  Sharpley.  If,  then,  we  are  right  in  supposing 
that  the  lowest  berls  on  either  side  of  tho  anticlinal  belong  approxi- 
mately to  tho  same  series  (and  tho  tlirow  of  tho  strike-faults  is 
maoh  less  than  was  fbnnerly  sapposcd),  the  equivalents  of  the 
ooane  a^ij^hxmenitie  vodka  of  the  western  aide  ought  to  be  found 
above  the  beds  already  described  on  the  eastern.  Bearing  in  mind 
the  possibilities  of  change  in  aspect,  wc  minutely  reexamined  all 
tho  latter  district,  with  the  following  result: — Tho  soft  ashes  and 
pale  green  liinty  shite  of  Whittle  HiU  have  obvious  affinities  with 
the  Blackbrook  tyi>e.  But  in  a  spinney  due  north  of  the  quarry, 
at  no  great  distance,  we  foond  roek  dearly  in  sUu,  not  only  of  an 
entirety  different  type,  but  so  closely  resembling  the  Hilonaatcry 
ooarse-ash  beds,  that  without  the  labels  our  hand-specimens  could 
not  be  distinguished  from  some  of  them.  Tho  microscopical  evi- 
dence agrees  with  this.  There  are  the  usual  constituents,  a  good 
deal  docomix>sed,  with  much  hornblende  giving  a  more  or  less  schistose 
structure,  and  but  little  quartz.  The  rodc-f  rogments  much  resemble 
devitrified  rhyoHtea;  and  in  parts  of  the  slide  the  fragmental 
structure  beoomes  slnuist  obliterated,  whfle  in  ofcheis  it  is  very 
distinct. 

For  this  correlation  there  is  additional  evidence.  Above  tho 
coarse  ashes  of  the  Monasti'ry  and  Hanging  Stones  aro  vast  piles  of 
a^lomerates.  Here,  on  the  eastern  side,  no  such  agglomerates 
oooor,  so  for  at  least  aa  we'  know;  but  we  do  find  at  more  than 
one  pomt  beds  of  a  dark-green  grit,  whioh  have  no  smaH  resem* 
blance  to  tho  matrix  of  some  of  the  agglomeratic  beds.  Also  a  thick 
grit  bed  on  the  Buck  Hills  *  has  much  likeness  to  a  bed  on  the 
High-Towers  ridge :  and  though  most  of  the  beds  hereabouts  are 
banded  slates  wliich  have  no  obvious  equivalents  across  tlio  anti- 
clinal, yet  it  may  bo  noticed  that  there  are  indications  of  stratiHed 

*  Tho  ronr^pr  rtx;k  of  th<^  Buck  Hills  contains  a  oonsiderablo  amount  of 
quartz ;  mid  tho  microscope  ahowa  mauv  iapilli,one  or  two  exhibiting  aciculor 
Biiorolitlia  of  fehmur,    well  «•  indndod  emtdfl  of  the  esaie  mineral. 
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beds  at  several  points  near  the  Monaster}-,  and  doubtless  those  great 
agglomerates  are  extremely  local  and  exceptional  formations. 

We  showed,  in  Part  I.,  that  the  Monastery  coarse-ash  beds  belong 
to  a  horizon  whioh  can  be  traced  down  tiie  whole  western  side  <2 
the  anticlinal  aa  far  as  Bensdiff  Wood.  Dutant  from  them  about 
a  mile,  measured  across  the  strikes,  we  meet  at  several  points 
(Markfiold,  Ulverscroft  mill.  &(■.)  with  agglomerates  containing 
filatc  which  can  be  traced  through  Bradgatc  across  the  anticlinal  to 
the  wood  of  Blores  Hill.  We  have  since  traced  the  Mark  field  beds 
(Akor-stones)  some  distance  farther  to  the  north-west^  and  have 
fceen  stroek  by  th^  strong  likeness  to  some  of  the  beds  at  Abbotts 
Oak  (Green  Hill),  which  a])|)eur  to  overlie  by  a  very  short  interval 
the  slate  agglomerate  on  Hiirh  Towers.  We  have  also  discovered 
an  agglomerate  identical  with  the  lilorcs-nill  mass  in  the  grounds 
north-east  of  lloecliffe  Hidl.  Its  strike  points  to  Woodhouse-Eaves 
Mill,  where,  also,  are  beds  with  fragments  of  slate.  2so  equivalents 
<}an  be  identified  on  the  oontinnation  of  this  strike  in  the  grounds 
of  the  (Woodhonse)  HisnglBg  Bocks ;  but  there  is  probab^  some 
slight  bending  orHuilting;  for  beyond,  at  three  different  outcrops  in 
the  Outwoods,  are  agglomeratic  rocks  with  large  fragments  of  slate^ 
to  all  apiK3arancc  belonging  to  the  same  horizon  *. 

Wo  have  thus  traced  the  hori/on  of  the  great  slate  agglomerates 
round  three  fourths  of  the  circumference  of  the  Torest,  from  Lough- 
borough Lane  in  a  dronit  i^nt  to  Hig^  Towers.  As  we  mentioned 
above,  the  coarse-asli  beds,  whenever  found,  occur  at  a  distance  of 
about  a  mile  from  this  horizon.  Now  the  distance  from  the  coarse  ash 
on  the  Whittle  Hills  to  the  slate  agglomerates  in  the  Outwoods  is 
almost  exactly  a  mile.  Thus  the  evidence  for  the  identity  of  the 
coarse  ash  above  Whittle  Hill  with  that  round  the  Mouastery  is  as 
strong  as  the  nature  of  the  case  admits. 

It  follows  that  our  estimate  of  the  throw  of  the  anticlinal  fault  (given 
in  Part  IL)  must  be  considerably  reduced.  The  horizon  of  the 
elate  agglomerates,  judging  by  their  position  at  Roecliffo  Hall,  must 
also  be  much  nearer  that  of  the  grit  and  pebUe  beds  than  we  had 
pre\'iou8ly  supposed. 

The  bais  on  Longcliff  appear  by  their  strikes  to  underlie  those  on 
the  Whittle  Hills.  Yet  thejr  have^  as  wa  said,  no  xesemblanoe  to 
the  Blacikbrook  series.  Their  affinities  are  rather  with  those  of  a 
much  higher  horizon.  Jn  one  or  two  places  fragments  of  the  pinki^ 
felsite  were  distinctly  seen  with  the  eye.  Several  slides  have  been 
examined.  Quartz  grains  are  present,  similar  to  those  of  the 
Sharpley-Peldar  district,  and  broken  felspar  crj'staLs  also  with  similar 
microlithic  inclusions  t,  and  numerous  lapUli,  mostly  of  the  usual 
riiyolitic  type ;  epidote  is  present,  with  mndi  chlorite,  viridite,  and  the 
nsoal  fibrous  homblendic  mineral.  On  the  whole  these  Longdiff  beds 
have  much  in  common  with  the  finer  portions  of  the  beds  of  the 
north-western  district  already  described.  There  is  also  among  tiiem 

*  Wo  iiiny  7i()firr>,  in  pri?sing^,  that  tho  agrcrlomcnito-j  of  \hh  horizon  contain 
fragments  winch,  we  took  originalljr  to  be  purple  elate,  but  now  reoagniM  to  be 
purple  rhjolite.  t  See  p.  34& 
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an  agglomorate  with  slate  fragmonts ;  and  slate  fragments  belong  in 
general  only  to  the  higher  portions  of  the  Ohamwood  series.  We 

are  inclined,  therefore,  to  tiunk  them  dropped  down  here  hy  some 
faulting.   A  chain  of  greenstone  intrusions  (two  of  which  are  new 

discovorios)  extends  from  New  Cliff,  over  Long  Cliflf,  to  the  Buck  Hilb, 
and  may  possibly  have  some  relation  to  the  position  of  the  i&\dt,  if 
suoh  exists. 

The  annexed  section,  which  is  only  diagrammatio,  may  serre  to 
lender  desier  onr  idea  of  tiie  genersl  relation  of  the  beds  on  mther 
side  of  the  anticlinal  at  tlie  northern  end  of  the  Forest.  It  is  drawn 
in  accordance  with  Prof.  Bonnoy's  view — that  the  Blackbrook -toll- 
gate  beds  are  about  the  lowest  of  all,  and  that  a  fault  peraUel  with 
the  anticlinal  fault  has  a  larger  throw  than  it. 

Pig.  l,^IHagramnutiie  Section  (on  a  line  curving  to  N,)  to  exprets 
the  prohahh  rdaihn  of  tha  bed$  in  the  northm^poH  of  Cham-* 
wood  £oreit, 

Blackbrook.  Moorlej. 


a.  Shan)1ey  Eock.  h.  Coarse  Agglomersts.         c.  Fine  Yolssilie  SsriflS. 

d,  BLkokbrook  aeries,  alatj  in  upper  port.  a.  Txiaa. 

(S)  DUirtet  iif  8ha9j»Uyj  JB^^ 

We  gave  in  Part  L*  a  general  description  of  these  beds,  stating 
that,  after  oarefhl  comparison  of  the  Sharpleyrock,  that  of  the  base* 

ment  beds  of  Ratchet  Hill,  and  the  rock  of  Feldar  Tor,  we  oonsider 

them  the  equivalents  one  of  another.  "We  have  subsequently  ex- 
amined more  minutely  the  whole  district,  with  the  following  results : — 
In  the  first  place,  we  have  detected  the  characteristic  rock  which 
forms  the  ridj^es  of  High  Sharploy,  at  the  base  of  Peldar  Tor  itself 
(near  to  S|)ring-Hil]  Farm),  in  two  little  spinneys  to  tiie  north  of  this, 
and  near  another  farm  in  the  direction  of  Kite  Hill.  We  have  also 
traced  this  rock  to  the  north  of  lli-h  Sharpley,  and  found  that  at  last 
it  is  either  split  up  by  small  slaty  bands,  or  contains  lenticular 
fragments  of  slate,  and  passes  at  one  j)lacc  into  a  purplish  agglo- 
meratct.  There  is  then  a  very  coui  idera]>le  mass  of  rock  of  the  type 
found  at  High  Sharpley,  and  it  clearly  underlies  the  beds  Titible  in 
the  main  part  of  Batchet  Hill  and  Pddar  Tor ;  fnither,  among  the 
lowest  beds  of  the  former,  together  with  a  green  roek,  like  that  of 
Bardon  Hill,  is  some  of  the  Sharpley  type.  Microscopic  examination 
also  sliowed  that  the  di£ferenoe  between  these  two  rooks  was  more 
ai)parent  than  real. 

It  results,  then,  that  the  Ilatchet-HIll  and  Peldar-Tor  rocks  aro 

*  Quart.  Journ.  GeoL  See.  toL  xxxiii.  p.  777. 
t  On  the  map,  just  tuidar  tiie  •  in  *' Swanymote." 
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about  on  the  same  horizon ;  and  though  the  former  are  much  Ibm 
vniform  tlMii  the  latter,  oontaliiliig  ivdl-mnlEed  agglomentic  beda, 
yet  parts  may  be  found  even  here  Tcrv  closely  eomspondii^  ivitk 
the  typical  Peldar-Tor  rock.  On  that  hill  fragments  seem  to  hare 
beromo  rare  and  amail;  but  tlia  aystab  of  quarts  and  felspar  toe 
rather  larger. 

This  rock  of  High  Sharpley  is  one  presenting  several  difficulties. 
Its  groond-maBt  is  ef  a  purplish  grey  colour,  and  is  compact,  hiiicIl 
like  a  feltite,  eontoining  nnmerene  oryatala  (often  &irly  perfect) 
of  quartz  and  fel8i)ar,  sometimes  as  much  as  ^  inch  in  diameter, 
but  generolly  rather  less.  It  has  a  distinct  though  imperfect 
cleavage,  the  surfaces  hfing  wavy  (doubtless  oTving  to  the  resistance 
of  tlio  iiichuled  niiiierals).  lliese  surfaces  have  a  very  faint  satiny 
lustre,  giving  the  rock  at  firbt  sight  a  slightly  schistose  aspect. 
CSleayed  felsitea  do,  indeed,  eometimeB  look  rather  schistoae;  bnt  tlie 

*  latter  stmcture  is  usually  retjr  local ;  while  the  thiduiees  and  extent 
of  this  Sharpley  rock  is  considerable,  and  its  character  uniform*. 
Further,  there  is  in  its  aspect  sonietliing  hardly  to  be  described  in 
words,  which  to  the  practised  eye  suggests  a  doubt  of  its  igneous 
origin.  Here  and  there  we  note  a  ver)-  faint  indication  of  a  frag- 
meutal  structure  ;  and  at  the  western  end  of  the  southeni  ridge,  and 
again  about  halfiray  along  it,  the  rock  becomes  unqnestionably 
clastic,  containing  in  an  ashy  matrix  fragments  of  a  purplish  por- 
phyritio  felsite,  which  is  itself  extremely  like  the  typioal  Sharpley 

.rock  +. 

Eight  microsco])ic  slides  have  been  prepared  from  different  parts 
of  the  ridges  of  High  Sharpley,  and  four  from  other  outcrops  in  the  vi- 
cinity. The  ground-mass  of  tiiese  is  often,  at  first  sight,  remarkably 
like  that  of  an  add  lava,  as  it  eonsists  of  a  transparent  base,  crowded 
with  micioliths  of  opacite  and  ferrito,  with  epidote  and  (?)serkite, 
generally  rather  irregular  in  form.  The  first  and  second  are  so 
arranged  as  to  give  the  slide  a  more  or  less  grnnular  structure, 
which  in  some  cases  is  well  defined,  and  then  the  ground-mass  is 
more  translucent.  In  one  or  two  of  the  slides  a  vague  indication 
of  fragmental  structure  can  be  dieoenied.  In  this  gronnd-maas  are 
aeattered  orystalliBe  grains  of  quarts  and  felspar  (small  and  large), 
0f  iron  peroxide,  and  of  epidote  and  viiidite  replacing  some  other 
mineral.  With  crossed  Nicols  the  rather  granular  aspect  of  the  slide 
nearly  or  quite  disap])earH,  aiul  tiie  field  resemViles  a  glass  crowded 
with  iuumerable  microliths,  mostly,  if  not  all,  felspar,  often  rather 

*  We  have  reeeiycd  from  a  friend  m  psrtiil  uuijm»  of  this  nek,  which  may 
give  a  general  idea  of  its  oompodtion:— 

SiOj.     -as 05 

^!^o:}"-   ^-23 

Cab    1-28 

MgO    1  10 

AUalkB&o   3-34 

lOODO 

t  The  eame  raek  is  fooad  on  Batefaet  HiU  and  elsewhere:  see  p.  M. 
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•wavy  and  indefinite  in  outline,  bearing  a  general  resomblanrc  to  a 
•cryptocrystalliue  structure  common  in  devitrified  rhyolit^.  On 
'  rotating  the  stage  other  mioroliths  appear  in  the  dark  parte;  and  it 
is  donbtfnl  whether  any  g^ass  really  remains.  lOnute  (jnaits  granuiy 
so  fiur  as  tiiey  can  be  recognized,  arc  not  numorons.  Most  of  those 
]iresent  are  from  ^  to  ]  inoh.  In  outline  tbcy  varj",  beinp:  snmc- 
timcs  roundorl  or  suban^ular,  sometimes  showing  crystalline  aii;]:les  ; 
they  are  often  traversed  by  cracks ;  occasionally  they  include  a  little 
of  the  ground-mass  and  specks  of  viridite,  but  usually  ore  fairly 
dear,  though  here  and  there  are  a  good  many  endosores,  some  bdng 
opaoate,  but  many  almost  eolonrless,  like  minnte  eanties  (fig.  2).  The 

Pig.  2. — Portion  of  broken  Qmais  (hytktl,  wUk  Inclusions  of  Matrix 
CSm<ws(?),  ^e,  Biqh  Sharphy.  (Enlarged.) 


felspars  arc  rather  decomposed  and  stained  with  I'errito ;  but  ortiio- 
elase  and  a  plagioclase,  probably  oligodosc,  can  be  reoognind.  Both 
indnde  nnmenras  mieroHths  of  epidote^  Tixidite^  andpvhiqps  another 

Fig.  3. — F-  hjxir  Crystal  vith  I iicl unions  vt^emhJlng  Brow* 
Glass  J        Ifiah  Sharphy.  (Enlarged.) 


rather  similar  mineral,  together  with  a  snbstanee  mnch  resembling  s 
brown  glass  • ;  these  often  lie  in  the  planes  of  cleavage  (fig.  3).  These 
felspars  are  frequently  in  perfedi  crystals,  but  sometimes  appear 

*  The  general  aspect  of  these  feUpara  is  remarkably  like  those  in  many 
4nidijtML 
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Ixrolran.  The  large  graiiiB  of  epidote  are  olmoody  of  seofmdary  foniift- 
tion ;  from  their  octagonal  outlioe  and  angles  we  may,  in  two  casep^ 

safely  assert  the  original  mineral  to  have  been  augite  ;  Tiridite  ap- 
pears, both  associated  with  it  and  aloney  probably  also  replacing  » 
kindred  mineral. 

Slides  cut  from  the  rock  at  the  base  of  Peldar  Tor,  from  the 
Sharpley-like  rook  in  the  Bardon-Hill  pit,  and  from  the  outcrops- 
mentioned  abore  have  been  carefally  studied :  their  differences  firom 
the  aboTO  are  merely  yarietal ;  and  the  green  rock  at  the  base  of 
Batchet  Hill,  though  containing  a  little  more  Tiridite,  is  in  all 
essential  points  identical. 

The  (|iiestion,  then,  wo  have  to  answer  is  :  Are  these  rocks  lavas? 
and  if  not,  how  is  their  porphyritic  structure  to  bo  explained?  Cer- 
tainly they  are  not  unlike  lavas ;  the  cr}'ptocry8tallino  ground-mass, 
the  indnded  crystals,  would  nofe  ill  agree  with  a  denitrified  rhyolite 
such  as  we  can  examine  in  the  AVrekin  district,  or  between  Caernarvon 
and  Bangor.  Still,  on  closely  studying  the  gronnd-mass  of  these 
Sharpley  rocks,  wo  note  various  minute  points  of  difference,  such  as  an 
indetiniteness  of  sti  ut  ture,  a  suggestion  hero  and  there  of  fragments, 
which  seem  to  separate  them  from  every  undoubtedly  igneous  rock 
wbieh  we  have  studied.  The  poisistent  schistose  character  of  the 
rocks  orer  so  lai^e  an  area  is  aJso  most  difficult  to  explain  on  that 
supposition.  So  also  is  the  gradual  passage  of  the  undoubtedly 
fraipnental  bands  (in  the  southern  ridgo)  into  the  normal  rock. 
"Were  the  latter  a  lava,  the  line  of  demarcation  betweon  it  and 
the  ash-bands  should  bo  a  definite  oue,  and  be  detected  without 
much  difficulty,  as  the  rock-surfaces  exposed  are  favourable  to 
examination.  After  repeated  study  in  the  field  and  witJli  Hie- 
mieroscope,  and  comparisons  with  numerous  type  mcunens,  we* 
oannot  alter  our  original  opinion  that  these  rocks  of  High  Sharpley 
are  not  lavas. 

"We  arc  then  called  upon  to  explain  their  porphyritic  structure. 
The  quartz  and  felspar  grains  closely  resemb'le  those  occurring  in 
many  other  Charnwood  rocks  which  undoubtedly  are  of  clastic 
origin ;  they  also  zesemble  them  in  having  clear,  sharp  boundaries, 
even  when  broken.  There  is  not  that  indefiniteness  of  outline- 
and  appearance  of  mdting  away  (as  it  were)  into  the  surrounding 
ground-mass  which  commonly  characterizes  crystals  (especially  of 
felspar)  when  developed  in  «<u,  in  schists  :  the  structure  of  the 
ground-mass  also  does  not  resemble  that  of  schists  ;  nor  do  the  rocks 
themselves  in  this  part  of  Charnwood  Porest  suggest  very  extensive 
metamorphism.  The  idea,  then,  of  a  devebpment  in  nto,  as  in  the 
case  of  many  crystals  of  garnet,  dipyr,  hornblende,  ohiastolite,  ftc, 
seems  inadmissible.  But  if  so,  the  aspect  of  the  included  minerals, 
and  the  general  structure  of  tlio  rock,  can  only  be  explained  on  the 
supposition  that  it  is  a  tull".  The  bands  already  mentioiud, 
which  arc  undoubtedly  fragnienial.  are  certninly  of  volcanic  origin. 
The  structure  of  the  fragments  iu  them  and  in  tlie  agglomerates  of 
Batohet  Hill  and  elsewhere  is  almost  identical  with  the  ground- 
mass  of  these  Sharpley  rocks.   Still,  if  ^e  latter  be  of  fkagmentah 
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origin,  it  may  fairly  be  asked,  What  has  become  of  the  lapilU? 
.  why  am  thgy  not  as  vraal  mm  or  kes  olaorlj  defined  in  tbe  dide  ? 
.  To  tiuB  we  may  vepiy,  that  here  and  there  we  do  meet  with  faint  indi- 
eations  of  these ;  that  in  two  interoalated  bands  separated  by  no  dear 
line  of  division  they  unquestionably  occur  ;  that  a  similar  tendency 
to  disappear  may  be  occasionally  noticed  in  slides  from  rocks  iu 
other  parts  of  Charnwood  which  are  of  undoubtedly  claatic  origin ; 
and,  lastly,  that  in  some  comparatively  modern  tuU's  a  similar  ob* 
literation  of  the  fragments  may  be  witnessed  *. 

We  siq[»posef  then,  that  this  rook  of  High  Sharpley  and  elsewhere 
was  ODce  a  rather  fine  uniform  rhyolitic  taSt^  eonsisting  of  lapilli 
and  volcanic  dust,  mixed  with  quartz  and  felspar  cn-stals,  which  i)er- 
hapa  no  long  time  after  deposition  was  exposed  to  the  action  of  per- 
colating water  or  vapour,  and,  as  it  wore,  pai+ly  rotted  f,  but  without 
destroying  the  included  felspar  crystals.  It  was  then  consolidated, 
dettvea,  and  gradnally  bron^t  to  its  present  oonditbn.  The  rook 
of  Hi^  Shazpley  mndi  resemUes  some  of  the  **  porphyroides  "  of  the 
ArdemieB,  the  ebiof  difference  being  that  sericite  is  much  less  oon* 
spicuously  i)rescnt  in  the  former  than  in  the  latter*. 

We  described  in  Part  II.  the  ordinary  rock  of  Peldar  Tor.  Since 
then  we  have  had  additional  sections  i)repared.  The  study  of  these 
and  our  lield-work  conhrm  us  iu  the  opinion,  there  expressed,  that 
the  rook  is  of  olaatio  origin.  We  may,  however,  remark  that  the 
quarts  and  felspar  erystsJs  are  in  most  respects  identical  with  those 
of  Sharpley ;  and  the  general  character  of  the  ground-mass,  especially 
with  crossed  Nicols,  is  the  same.  As  the  rock  in  the  main  mass  of 
Ratclict  iiill^  is  indubitably  pyroclastic,  and  is  now  proved  by  8Uper- 
position  on  the  typical  Sharj>loy  rock  to  be  equivalent  to  that  of 
Peldar  Tor,  our  view  as  to  the  nature  of  the  latter  and  of  Sharpley 
reoeiyes  additional  oonfiimation  §. 

The  rook  near  Copt-Oak  chnnh  (noticed  toL  zzsoi  p.  771)  has 

*  A».  for  example,  in  a  white  ttiflf  from  Monte  Vcnda,  Eupnnean  Hills,  of  the 
Brituli-Muaeum  collection,  for  a  light  of  which  we  are  indebted  to  Mr.  T.  Daviefr 
'  F.GI-J9.  Sinoa  writing  tbe  above,  we  find  a  somewhat  aimilar  eaee  dBsaribcd 
by  Prof.  Qeikie,  *'  yoleanio  racks  of  Firth  of  Forth,**  Tr.  R.  8.  Bdin.  toI.  xdz. 
p.  474. 

t  Lapilli  are  very  commonly  oathned  by  a  black  margin,  which  probablv 
laigely  owee  its  colour  to  ftnrie  oaddee.  The  paMajge  of  water  or  Tapour  througti 
the  mass  would  decompose  tbe  iraa  oxide  (Ibnning  carbonates,  Ac.),  and  thna 

obseure  the  structure. 

I  I  am  indebted  to  Prof.  Benard  for  tpeeimens  of  porphyroides  from 
Ijiifour  and  Alairus  (describnl  in  tlie  well-known  memoir  '  Les  Roehfs  Phit.  d*-  la 
iielgiquo  '  &c).  Early  in  ihe  pretteut  year,  1  fortunately  iiad  tlie  oupurluuity 
of  diomng  him  my  oolleetion  of  roeks  and  didee  Irom  Ofaamwood.  He  in- 
formed mo  tli;it  tlio  r>v-pnihlnncf' nf  tlio  Sliarplev,  I'ddar,  find  Bardon-ITill  rocks 
to  those  of  the  Ardeuues  was  most  remarkable,  andexpreaecd  a  disiiuct  opinion 
that  none  of  tiiem  were  lavas.  In  the  above  memoir  it  is  Puggested  that  the 
quartz  and  felspar  crr.stals  have  been  developed  in  aitJ' ;  but  after  exnniiimiioa 
of  my  collection,  he  stated  that,  in  the  case  of  Charuwood,  be  thought  tbe 
riew  mentioned  above  worthy  of  serious  consideration. — T.  G.  B. 

I  A  careful  search  over  the  rocky  ridge  will  show  hore  and  there  near  the 
mms  a  tendency  to  recur  tu  the  Sharpuj  type,  and  higher  up  bands  cloiiely 
appruochmg  the  Peldar-Tor  type.  $ 
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some  resemblance  to  members  of  the  above  series.  We  had  feaMd 
that  its  decomposed  oondition  wooM  iiitfit  it  for  microaoopic  ez<- 
Attiination ;  bat  Mr.  Cuttell  has  succeeded  in  prepaiingus  a  good  slide 
from  a  specimen  rather  of  the  Sharpley  tj-pe.  Ezoept  for  the  entire 
or  almost  entire  absence  of  quartz,  and  the  larger  amount  of  viridite 
and  fcrrite  present,  it  is  remarkably  like  that  rock.  The  ground-mass 
is  similar ;  the  included  felspar  crj'stals,  often  sharp-edged  as  though 
broken,  are  in  all  lespects  identical.  Part  of  the  green  mineral  ia 
rather  fibrons,  diohroio,  and  probably  a  chlorite.  The  ieirite  has 
infiltrated  into  cracks.  Thil  rook,  then,  JB  prohaUy  about  on  the 
horizon  of  the  Sharpley  aeriee. 

(4)  JSardon.  MUU 

The  quarry  here  has  been  mndi  enlarged  sinoe  the  date  of  Part  H. 
A  considerable  mass  of  the  purple  sehiatoserock  in  thenpper  qnany 
has  now  been  excavated.    As  already  stated,  it  mach  resembles thi^ 

en  High  Sharplcy,  except  that  it  has  fewer  quartz  grains.  It  appears 
to  pass  up  irregularly  into  a  greenish  rock  ;  and  at  one  ])lace  there 
ficenied  to  be  a  parting  of  this  between  two  bands  of  the  purjilish 
rock,  its  thickness  also  seemed  variable.  The  dip  was  not  yery 
•dearly  marked,  bnt  appeared  to  he  about  N.W.,  the  strike  ii 
the  cleavage  heiag  W.  10^  S.  This  rock  seems  to  end  abraptly ;  as  the 
foreman  said,"  it  dies  out  at  a  slither."  The  approximate  N.E.  to  S.W, 
strike  differs  much  from  that  of  the  "shalyband"  in  the  lower  pit,  which 
is  W.X.W.  to  E.S.E.  It  is.  then,  very  probable  that  a  fault  runs  near 
the  northern  fiank  of  the  ]nt.  On  reexamination  of  the  "  shaly  band" 
•wo  were  struck  with  a  resemblance  between  the  less  decomposed 
portions  of  it,  the  ashy  hands  <^  High  Sbarpley,  and  parts  of  the 

Snrplish  rock  in  the  upper  pit.  Microfloopio  examination  has  not^ 
owever,  strengthened  tiie  evidence  for  this  resemblance  :  for  oor 
-slide  of  the  first  appears  to  consist  of  brok(  n  felspar  crystals,  of^en 
much  decomposed,  a  few  grains  of  quart/,  and  a  large  quantity  of 
viridite  so  arranged  as  to  i,mvc  a  rather  schLstose  aspect  to  the  rock, 
no  part  preserving  the  peculiar  cr^-ptocrystalline  structure  noted  in 
the  others.  Still,  in  onr  dide  from  the  purplish  rook  in  the  upper  pit, 
there  is  a  smaU  lentieular  band  consisting  wholly  of  broken  ftlspaia 
(with  e])idote) :  so  that  the  identity  i^  yet  possible.  If  this  were  the 
<;ase,  and  the  slmly  band  an  attenuated  representative  of  tlie  Sharplcy 
rock,  then  that  already  described  *  as  so  curiously  like  the  Peldar- 
Tor  rock  would  be  in  its  right  place,  and  the  typical  compact  green 
rock  t  of  the  pit  would  belong  to  some  part  of  the  Peldar- Ratchet 

*  Quart.  Joum.  Geol.  Soc  toL  xuiii.  p.  781 ;  vol  xxxIt.  p.  205. 

t  As  thin  rock,  perhaps  more  than  any  other  of  its  kind  in  the  Forest,  re- 
sembles a  true  felftite,  we  havo  hocl  additional  elides  prepared.  We  rotaiu,  how- 
ever, our  former  opinion  that  it  18  not  an  igneous  rock.  We  neecl  only  refer  to 
our  deijcriptions  given  at  p.  20(i,  vol.  ixxiv.,  and  repeat  that  our  study  of  all 
theie  peculiar  rocks  in  the  nr)rthern  district  confirms  us  intheopinion  thatthej 
nro  not  only  rlnstic,  but  also  have  been  ItifT's,  and  that  'he  amoinit  of  jiltiTation 
•which  they  have  undergone  is  not  sufficient  to  account  lor  their  purphyritic 
«hu«eter. 
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series.  The  resemblance  of  the  breccias  in  the  upper  part  of  the  hUl 
to  those  of  Cudman  has  already  been  noticed. 

Be  this  as  it  may,  the  loeks  of  Baidon  Hill,  as  a  whde,  liave  a 
marked  resemblance,  espeeialiy  under  flie  mieroecope,  to  the  group 
described  in  the  last  section ;  thus  it  is  xory  prohable  that  this 
»Sharpley-Cadman  series,  in  an  attenuated  eondition,  reappears  hero 
on  the  other  sido  of  a  synclinal,  which  most  likely  is  more  or  loss 
broken  by  faults. 

(5)  Fragmenis  in  Agglom$ratt9, 

A  few  fragments  from  the  agglomerates  have  already  been  de- 
scribed in  Part  II. ;  but  in  the  hope  of  throwing  light  on  the  structure 
of  the  t>harpley  rock  and  obtaining  liints  for  conclusions,  ten  care- 
fully selected  fragments  have  been  subsequently  examined  micro- 
ficopically.  They  are  from  the  following  localities : — llutchefc 
HiU  (2),  GnnhiU  (1),  High  Towers  (4),  Timberwood  Hill  {\\  near 
Whitwicksehool-hoii8e(l),Whitwiok  Pariah  Qnarr}'(l).  Thosped- 
mens  from  Batchct  HiU  have  a  minutely  cryptodysUUline  ground- 
mass  with  seattered  cr}-stalR  of  quartz,  felspar,  magnetite  and  secon- 
dary ci>idote.  The  first  two  minerals  resemble  those  in  the  Shurpley 
rock  ;  and  there  is  much  similarity  in  the  ground-mass.  One  of  tho 
High-Towers  specimens  (from  an  agglomerate  nearly  opposite  to  tho 
lodge)  shows  a  fidntly  mottled  stmctoe,  which  is  rendered  more 
•distinct  by  a  marked  difference  of  edonr  on  applpng  a  selenite 
plate.  Probably  it  is  tho  remains  of  a  structure  similar  to  those 
figured  by  Zirkel  in  plates  vi.  and  viii.  of  bis  "  Microsco]iiral  Pctro- 
gmphy"  (U.S.  Geol.  Ex[>lor.).  We  find  also  that  the  mottled  i)ink 
and  green  fragments,  somewliat  like  syenites  in  macroscopic  structure, 
dilfer  but  littlo  from  the  purplo  fragments.  The  ground-mass  is 
•eryptoerystaUine,andin  this  particular  specimen  shows  fairly  distinct 
traces  of  a  flnidal  starnctnre.  The  others  call  for  no  special  note. 
The  mieroliths  in  the  Whitwick  School-house  fragments  (rather  de- 
composed) are  more  acicular  than  in  tho  others;  that  from  the  Whit- 
wick  Quarry  (also  rather  decomposed  in  parts)  exhibits  distinctly  an 
irregular  duidal  structure.  In  our  former  notice  (  vol.  xxxiv.  p.  208) 
wo  doubted  whether  two  specimens  from  the  last  locality  were 
igneous;  having  in  the  interrii  enjoyed  many  opportnnitiesof  studying 
both  the  older  trachy  tie  rocks  and  the  hfiUeflinta  **  group  generally, 
we  have  now  no  hesitation  in  recognizing  all  as  igneous.  The 
Rtrnchire  then  described  is  analogous  to  tiiat  mentioned  above  in  one 
■of  the  High-Towers  specimens. 

These  fragments  also,  allou  ing  for  decomposition  and  the  formation 
of  some  secondary  minerals,  present  very  considerable  resemblance 
to  many  rhyolitic  rocks  of  mnch  more  recent  date,  snch  as  those  of 
Hungary ;  it  is  even  poaeiUe  that  an  nndevitrifiod  base  may  oc- 
casionally xemnin.  Their  stroctoree  are  hardly  distinctive  enon;;li 
to  throw  much  light  upon  correlation.  Tho  Gnnbill  and  Wliitwick 
School-house  specimens,  which  differ  more  from  the  ordinary  type, 
are  most  alike;  but  it  is  (juite  possible  for  all  to  belong  to  tlie  same 
general  series.    Tield  evidence  iucliues  us  now  to  regard  the  Ciun- 
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hill  rodoB  as  xepreseiittttive  zather  of  the  Kite-Hill  than  the  Gadman 
group. 

(6)  The  Shies, 

Tho  microscopic  structure  of  three  varieties  of  slate  was  de- 
ficrihod  ill  Part  II.  The  structure  of  one  of  them  (from  the  quarry 
near  Forest  Rock  Inn)  appearing  on  further  iuvcstipation  to  be  rather 
exceptional,  we  have  examined  a  few  more  slates  iu  the  hope  of  ob- 
taining some  help  in  corroktioD.  The  only  one  among  them  which 
presents  any  resemblance  to  it  is  a  speoimen  from  a  locality  east  of 
Grace-Dieu  grounds.  The  peculiarity  of  the  Forcst-Bock-Inn  slate 
is  that  the  slide  with  ordinary  light  is  nnusualh'  clear,  resembling  a 
glass  in  which  anumber  of  very  minute  microliths,  of  a  pale  yellowish- 
green  c«  )lour*,  with  some  specks  of  femte,  are  irregularly  dis>emi nat  ed, 
BO  as  to  leave  occasional  dear  interspaces ;  and  this  base,  with  crossed 
Nieolsy  exhibits  a  kind  of  devitrified  structure.  The  other  slide  haa 
Teiy  similar  microliths  and  brown  spedn,  a  dear  matrix  ahowing^ 
a  similar  structure  with  crossed  Nicols,  but  more  obviously  dastie^ 
fragments  of  felspar  crystals  being  in  places  distinct.  There  seems 
to  be  somocvidence  for  correlutinjr  those  two  rocks;  but,  unfortunately, 
this  docs  not  help  much,  as  tho  j)osition  of  each  in  tho  series  is  un- 
certain, and  probably  both  are  boimded  by  faults. 

In  the  Whittle-Hill  honesUmethe  matrix  seenu  to  be  fiurly  dear, 
with  little  earthy  matter,  but  crowded  with  minute  miorolitha  a» 
aboTOflookingasif  it  were  composed  of  comminuted  felspar,  in  which 
occur  rather  larger  grains  of  felspar  and  quartz.  The  microliths  are  a 
little  more  wavy  in  outline  than  those  in  tho  other  rocks,  and  assume, 
with  crossed  Xicols,  a  p:()lil:>ii-yellow  tint.  Tlierc  are  small  clusters 
of  ferritc,  associated  with  granules,  which  are  probably  garnet. 
^Diia  rock  haa  a  slight  resemblance  to  the  other  two. 

The  specimen  from  the  quarry  west  of  the  School  Honae,  Grace 
Bleu,  has  also  a  slight  resemblance  to  the  aboTO,  but  is  more 
crowded  with  yet  smaller  microliths,  and  has  a  ^ond  many  specks  of 
ferrilo  or  some  ]iale  eartliy  mineral.  A  llinty  sl  ite  from  a  knoll  on 
the  west  side  of  Old-John  Hill  rather  resoniblcs  the  hunt.  There  are 
occasional  distinct  felspar  fragments  and  ijuartz,  with  grains  of  cpi- 
dote,  whidi  the  microliths  may  also  be. 

The  slate  of  Beggar's  Nook  is  distinctly  banded ;  the  felspar  frag- 
ments are  rather  angular  and  sometimes  long,  quartz  apparently 
rare,  microliths  ns  hrfore.  but  the  general  api)earance  more  earthy. 
The  slate  of  the  .summit  of  Old-John  Hill,  on  the  whole,  resemldes- 
the  last.  The  slate  of  Ciroby  (Quarry,  whicli  may  be  taken  as  a  fair 
example  of  tho  roofing-slates  of  the  Forest,  differs  much  from  all 
the  above.  It  has  the  usual  microliths,  with  a  fairly  uniform  frag' 
mental  structure,  consisting  of  subangular  quartz,  decomposed 
felspar,  grains  of  opacite,  ferrito,  Tiridite,  and  mica.  The  viridito, 
like  the  microliths,  is  no  doubt  a  secondary  product  ;  but  the  mica 
seems  an  <»ri^rinal  constituent.  It  is  generally  clear  and  <rives  bright 
colours  with  crossing  2^'icols  ;  but  occasionally  it  is  iiiterbandi d  with 
a  pale  green  variety.  Probably  a  little  alteration  has  t<ikcn  jilace. 
*  Perhaps  epiJuie  ;  some  of  the  darker  grains  are  oot  unlike  menalite. 
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(7)  Tf/neoiis  Bods. 

We  have  not  revisited  more  than  one  or  two  of  the  loonlities 
Tvhero  these  occur  since  the  date  of  our  last  paper,  and  therefore  have 
nothing  to  add  from  personal  knowledge ;  hut  we  have  detected  two 
newoatcrops  on  the  north-eastern  side  of  tiie  Forest — one  in  aspinney 
between  Whittle  and  Buck  Hills,  the  other  just  east  of  the  high  roed 
on  the  crest  of  Nanpanton.  Both  are  of  the  northern  t}-pe  (see  vol. 
xxxiv.  p.  210),  rather  compact  nnd  decomposed.  We  could  not 
succeed  in  hittinfj;  off  their  junctions  with  the  sedimentary  rocks;  but 
a  more  minute  search,  under  favourable  circumstances,  may  yet  dis- 
cover them. 

Hi.  S.  Allport,  however,  has  been  fortanate  enough  to  find 
junetions,  exposed  by  further  (juarrying,  between  the  homblendie 
granite  and  the  so-called  Brazil-wood  gneiss,  showing  that  the 
former,  as  we  predicted,  is  intrusive  in  the  latter  *.  He  justly  ob- 
jects to  applying  to  this  the  name  '*  gneiss,"  though  we  are  not  per- 
suaded that  the  term  which  he  proposes  for  it,  "  micaceous  schist,"  is 
much  better,  lie  has  also  been  able  to  prove  that  this  rock  is  only 
■a  member  of  tiie  Forest  series  ezeeptioiially  altered  by  "  eontaet 
metamovphiam  "  f.  Mr.  W.  J.  Harrison  had  previously  disoovered 
Jimall  garnets  in  the   gneiss  "  same  gentleman  has  kindly 

forwarded  to  us  specimens  of  a  very  coarse  variety  of  the  ''syenite" 
from  a  pit  near  Stony  Stanton,  on  the  road  to  Sapcote.  This  might 
almost  be  called  a  homblendie  granite  rich  in  felspar,  some  of  the 
cry  stals  of  the  latter  mineral  being  nearly  an  inch  long. 

Conclusion, 

As  the  result  of  the  above  investigations,  wo  venture  to  extend, 
with  some  modifications,  the  correlations  proposed  in  our  first  paper 
(vol.  xxxiii.  p.  784),  as  follows : — The  Charn wood-Forest  rocks 
seem  to  fall  naturally  into  three  great  groups,  which,  however,  are 
not  separated  by  any  yetysharp  l&es  of  demajcioatio&.  The  lowest  is 
the  Blaokbiook  series.  The  middle  group  has  for  ita  base  the  ooazae 
ash-beds  of  the  Monastery,  the  Hanging  Stones,  Timberwood  Hill, 
Chittcrman  Hill,  Benscliff,  and  (east  of  the  anticlinjd)  the  spiuney 
above  Whittle  Hill.  In  the  north-west  region  this  group  contains 
the  immense  agglomeratic  masses  of  the  High-Towers  area  ;  in  tho 
north-east  the  finer  volcanic  grits  of  the  liuck-Hill  district,  and 
probably  LongcliflT ;  bnt  here  and  in  the  rest  banded  dates  pre- 
'dominate.  Batlier  high  up  in  the  group  the  beds  of  slate-agglo- 
merate form  an  horizon  which,  as  above  described,  can  be  traced 
iiearly  round  the  Forest  distrieti  and  might,  if  thought  desirable,  be 

*  <9floL  Hag.  dso.  iL  vol.  rl  p.  181. 

t  Tho  nshy  roots  in  the  Stable  Quarry,  Bradgate,  and  at  Ptt  wards-Hay 
.Spring  (vol.  Xixiii.  p.  liOl)  are  aleo  examples  of  contact  nietaiuorpluein.  In  the 
flnt  part  of  our  paper  the  term  "  Kchist'*  was  two  or  three  times  feed  where  wa 
otipht  to  have  said  *'  BchiBtose  rock."  In  the  sense  in  which  wo  think  it  right  to 
use  the  former,  vie.  denoting  rocks  which  are  either  distiuctijr  '*  foliated  "  or  have 
4indflrgoQe  a  rimilar  amount  of  diaage^  there  is  (apart  firom  tlie  Awsil-wood 
jrock)  no  echiat  in  the  Forest. 

I  Midland  Ifaioraliet,  voL  ii.  p.  77. 
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used  as  fhe  base  of  a  subdiTisien.   Abo?e  this,  in  the  norih-weefc^ 

appear  to  come  the  Shaipley  and  Peldar  rocks,  tvith  the  agglomeratea 
of  Cadman  (and  their  equivalents  in  Bardon  Hill),  which  are  pro- 
bably succeeded  by  the  finer  beds  of  the  quarry  near  Whitwick 
School  II0U80.  ISome  portion  of  this  upper  subdivision  may  be  repre- 
sented by  the  Forest- Gate  beds  in  the  north-east ;  and  the  upper 
limit  of  the  group  further  south  seems  to  be  marked  by  the  pebble- 
beds  and  quartz  grits  of  the  (Woodhouse)  Hanging  Books,  the 
Brande,  the  Stable  Quarry  (Bradgate),  and  Steward's-Hfty  Spring. 
The  highest  zone,  visible  only  in  the  more  southern  part  of  the- 
I  orest,  contains  tiie  less-handed  workable  slates  of  iSwithland  and 
Groby, 

The  beds  arc  elcTatcd  in  an  elongated  dome-shaped  anticlinal,  of 
which  only  one  half  is  yisible,  and  the  vertex  points  to  iiie  aoolii- 
east ;  so  that  denudation  has  exposed  the  lowest  beds  at  the  northern 

^d,  and  the  others  lap  round  tliem  in  rudely  elliptical  zones.  These 
are  intcmi])to(l  by  tlic  anticlinal  fault  or  faults,  and,  at  the  north- 
we^teru  curuor,  by  many  fractures,  which  greatly  peiplex  the 
investigator. 

Much  yet  remains  to  he  done  in  the  Forest  region ;  but  ^c  are  not 
hopeM  tibat  more  of  importance  will  be  aooomplished  (unless  new 

quarries  are  opened)  without  constant  and  minute  reexamination  of 
the  ground,  suohas  is  impossible  for  any  but  residents  in  the  vicinity. 

We  therefore  now  take  our  leave  of  Charnwood  Forest,  in  the 
hope  that  some  of  the  local  geologists  vrill  continue  our  task.  We 
are  well  aware  that  some  at  least  of  our  conclusions  are  founded  on 
imperfect  evidence,  and  we  cannot  hope  to  have  avoided  error ;  but 
we  may  fiurly  tilaim  to  have  bestowed  upon  our  work  considerable 
time  and  pains..  We  venture  therefore  to  deprecate  hasty  critioa^m, 
and  trust  that  our  mistakes  may  be  judged  leniently. 

DiscrssroiT. 

Dr.  SoRiiY  said  that,  in  preparing  his  Address,  he  had  found  great 
dificulty  in  deciding  between  altered  ashes  and  eruptive  rocks.  His 
work  had  chiefly  been  among  the  Westmoreland  rooks.  He  con- 
sideied  this  one  of  the  most  difficolt  problems,  and  was  very  glad  to 

hear  the  authors'  conclusions. 

Mr.  Tawxey  entirely  confided  in  Prof.  Bonncy's  results.  With 
respect  to  the  secondary  development  of  the  crystals,  having  been 
shown  many  of  the  thin  slices,  by  the  author's  kindness,  he  thought 
it  was  espedaUy  dear  that  the  quartzes  had  been  derived,  viz.  from 
a  rock  like  a  quartz-lelsite. 

Dr.  Hicks  expressed  his  agreement  with  the  view  of  the  autibiors 
as  to  the  8har|)ley  rocks  being  tufis.  He  thought  the  Chamwood 
scries  ])ro-Cambrian. 

The  ?i:]:.sii»KNT  stated  that  gold  had  recently  been  found  in  small 
quauiities  by  Hr.  How  in  the  quartz-veins  of  Peldar  Tor. 

Bev.  E.  Hill  said  the  authoza  were  inclined  to  regard  the  Cha^m- 
wood  rocks  as  pre-Oambrian.  The  oocuirenee  of  gold  was  new  to 
tihem. 
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S5.  On  ihe  Qccubrhmci  0/  MAJora  Skelks  of  Exncnrtt  Sraozv  at 
BinsBiMT  HzifiEXS  a(ov»  ^  FbmihtLbvxl  of  l%«SiA.  Bj 
J.  Gwnr  J1PKBSX8,  Esq^  JJLD,,  FJLa»  Trea8.Gj3.  (Bead 
June  0, 1880.) 

While  engaged  in  working  out  for  the  Zoological  Society  the 
Mollusca  of  the  Expeditions  which  I  undertook  in  IbiVJ  and  1870 
in  H.M.b.  *  Porcupine,'  I  was  much  struck  by  the  discover)',  at 
great  depths  in  the  Koith  Atlantic,  of  certain  shells  in  a  liTingatato 
irhioh  had  been  previously  known  only  as  Suhapennine  and  SooUi- 
Italian  foMi]8»  and  were  considered  extinct. 

To  2:1  vc  some  idea  of  the  extent  to  which  Buch  changes  of  sea 
and  land  must  havo  taken  place  within  a  geologically  recent  period, 
I  subjoin  an  extract  from  my  paper  on  some  of  the '  Porcupine  * 
Mollusca,  which  was  published  in  the  *  Proceedings '  of  the 
Zoological  Society  for  1870,  pages  686  and  587.  With  reference 
to  MoUeiia  emua,  I  aaid,  **  It  'wUl  bo  seen  that  the  last  species,  as 
well  as  many  othor  dcep-wat<^  ahsUs  which  havo  been  noticed  in 
the  present  paper,  arc  Calabrian  and  Sicilian  Tertiar}*  fossils.  Po- 
sides  these  species,  others  of  the  same  kind,  and  which  had  been 
also  considered  extinct  (viz.  Leda  or  Tindaria  solida,  Seg.,  Nucula 
glabra,  Ph.,  and  Malletia  dilaUttaf  Ph.),  occurred  in  tho  ^  Challenger ' 
Expedition,  llie  OQmnranication  between  the  North  Atlantic  and 
the  Mediterranean  must  have  been  formerly  Tory  different  from 
what  it  is  now,  when  a  barrier  or  ridge  in  comparatiyely  shallow 
water  exists  outside  the  Straits  of  Gibraltar,  between  Capes 
Spartcl  and  Trafalgar.  It  is  improbable  that  deep-sea  Mollusca, 
even  in  their  erabr}  onic  state,  could  havo  migrated  or  been  trans- 
ported under  such  conditions  from  ono  sea  to  another.  Tho  south 
of  Prance  and  Italy  most  have  experienced  a  great  elevation, 
and  perhaps  a  snocession  of  them,  since  the  Pliocene  period.  For 
instance,  tiie  average  depth  at  which  Midldla  exdaa  hiss  been  now 
fouiul  living  is  1507-^  fathoms,  or  l)(t  1 1  feet,  being  very  nearly  five 
sixths  of  the  height  of  Mount  Etna  above  the  present  level  of  the 
sea :  and  to  this  submarine  elevation  must  be  added  the  height  of 
the  Pliocene  beds  aboTO  the  sea-level.  Professor  Seguenza  infoi-ros 
me  that  Jf.  €xei$a  occurs  in  Bicily,  as  well  as  in  Oalabiia,  at  a  height 
of  000  metres,  or  nearly  2000  feet,  and  that  these  fbssiliferous  beds 
attain  double  that  height  in  other  parts  of  the  same  district :  so 
that  tlie  total  elevation  may  be  estimated  at  from  11,000  to  12,000 
feet,    ^fount  Etna  is  1 0,874  feet  high." 

J>umerous  foesiliferous  bods,  showing  a  greater  or  less  amount 
of  oscillation,' have  been  observed  throughout  tho  whole  world, 
and  espedally  in  the  northern  hemisphere.  In  Shetland  and 
{^tland  they  extend  from  a  depth  of  80  fiithoms  (480  feet)  to  a 
height  of  at  least  5()0  feet  above  the  sea,  making  together  an 
elevation  of  nearly  1000  leet.   In  England  and  Waks  they  appear 
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from  the  level  of  the  sea-shore  to  ilocl  Tryfan  in  Carnarvon- 
shire, at  heights  of  between  117')  aud  11350  feet.  The  last-named 
deposit  is  a  raised  beach ;  1  will  give  a  list  of  the  fossils  at  the 
eud  of  this  paper.  On  the  Wicklow  Hills,  in  Ireland,  the  llov. 
Maxwell  dofle  Is  said  to  have  found  marine  shells  at  the  height  of 
1300  feet.  In  Scandinavia,  the  range  of  level  is  from  60  £K&0m8 
(300  feet)  to  540  feet  s.m.  =840  feet.  In  Ku&sia,  Murchison  and 
Verneuil  noticed  sea-shells  of  arctic  species  250  English  miles  from 
the  White  Sea,  and  130  feet  above  its  level ;  aud  Count  von 
Helraersen  has  lately  stated  that  such  shells  occur  in  Siberia,  nearly 
500  miles  southwards.  In  Canada,  the  late  Sir  William  Logan  has 
recorded  a  raiaed  sca-beach  with  shells  on  Montreal  Mountain  at 
460  feet  above  the  Atlantio.  In  the  aictic  regions  fossiliferons  beds 
are  widely  distributed,  and  attain  an  elevation  of  from  50  to  1000 
feet.  The  extent  of  subsidence  there  is  not  known.  In  addition 
to  the  al)ove-cited  testimony  of  Professor  Seguenza,  Professor  Judd 
tells  me  that  in  the  isle  of  Ischia  he  found  shells  of  apparently 
Mediterranean  species  at  a  height  of  2000  feet  *. 

With  respect  to  the  climatal  nature  of  these  shells,  I  am  not 
aware  that  any  arctic  or  peculiarly  northern  species  have  been 
noticed  in  the  raised  beaches  which  fringe  the  western  and  sonthem 
coasts  of  England  (e.  (/.  Barnstaple  Bay,  and  Hope's  Nose  near 
Torquay),  nor  in  the  north  or  west  of  France ;  but  they  especially 
cliaracterize  all  the  other  countries  and  places  above  mentioned,  as 
well  as  Sicily,  where  such  northern  forms  as  Ci/j^rimi  idatulica, 
Mya  fnmecila,  Saxkmta  norve^ca,  and  SueeUmm  undaium  axe  not 
uncommon  as  Tertiary  fossils,  although  now  absent  from  the 
Mediterranean.  How  is  this  to  be  accounted  for?  Tie  speea- 
lative  and  unscientific  notion  that  species  "  retreat"  inconsequence 
of  altered  conditions,  will  not  help  us  to  answer  this  question. 

Anotlier  question  arises  as  to  tlie  permanence  or  long  duration  of 
the  oceanic  basins,  a  subject  which  has  been  lately  treated  by  my 
friend  and  ooDeagne  Br.  CSarpenter,  in  his  very  interasting  Lectors  A 
the  Boyal  Institotion  of  (heat  Britain^snd  has  since  been  discossed  in 
*  Nature.'  As  it  has  been  Bhown  ttiatMaUetia  txtUa  and  many  other 
existing  species  of  MoUusca  which  at  present  are  known  to  inhabit 
great  depths  only,  are  found  in  a  fossil  state  at  considerable  heights 
above  the  present  level  of  the  sea,  so  as  to  show  an  elevation  of 
from  11,000  to  12,000  feet,  or  nearly  2000  fathoms,  such  elevation 
having  taken  place  at  a  veiy  late  and  comparatively  recent  stage  of 
tiie  Tertiary  or  Fost-Tertiaiy  epoch,  and  considering  that  no  trace 
of  any  organism  belonging  to  even  the  Miocene  formation  has  been 
detected  in  any  of  tlie  deep-sea  explorations  (although  the  rate  at 
which  the  slight  submarine  deposit,  far  from  land,  is  formed  by  the 
debris  of  surlace-animnls  and  plants,  is  known  to  be  exceedingly 
slow),  can  we  rightly  assign  to  the  present  oceans  that  geologically 
remote  antiquity  which  is  claimed  for  them?  Br.  Carpenter  says, 
**The  deep-sea  soundings  of  the  'ChaUenger'  have  brought  out 

*  Beea]ao]^eU's*BIeineiitiof  6eology'iind*Prindpleiof  Gedl^*asto 
the  hmght  ^  Newer  Plioeene  beds  in  Sicily. 
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this  rcinarkiilile  fact,  that  the  occnn-floors  present  a  uniformity  of 
level  Avliicli  c«irrt'sj)oiuls  with  that  of  our  most  level  and  extensive 
coutincntul  plains."  This  may  be  so  ;  the  '  Chuilcuger  *  bouudings 
were  nDoessarily  few  and  far  between;  but  the  muDeToiiB  and 
doee-set  somidiiigs  lately  taken  for  tlie  new  sabmarine  telegiaph- 
cable  from  Yalentia  to  Newfoundland  tell  quite  a  diffeient  talc,  and 
serve  to  show  the  extreme  nnevcnness  of  the  ocean -floor  in  tho 
iS'oith  Atlantic,  to  say  notViiu^;  of  the  depth  of  748  (between  1168 
and  1260  fathoms)  ascertained  by  the  *  Bnlldo.2: '  souudinj^s,  and  of 
690  (bctW(M)n  145U  and  12^0  fathomsj  in  another  part  of  the  same 
ocean,  aaoertained  by  the  *  Y  alorons '  soondings.  If  ore  data  would 
certainly  be  desirable. 

Mr.  Murray,  one  of  tlie  ^Challonger'  naturalists,  and  who  baa 
especially  studied  the  oceanic  deposits,  ijave  at  IManclicster,  in 
December  IS 77,  two  admirable  lectures  on  the  pliysical  and 
biological  resnlts  of  that  Expedition,  and  expressed  his  belief  that 
tho  ocean-basins  are  of  **  vast  antiquity,"  but  that  "  on  the  whole 
they  have  been  areas  of  snbsidenoel"  The  word  antic] uity  "  is,  of 
course  used  relatively  to  the  question  of  tiie  time  occupied  in  the 
sabaidenee,  which  we  have  no  means  of  ascertaining  or  even 

It  may  be  said  that  Sicily  has  long  been  tlio  seat  of  intense 
volcanic  energy  ;  but  has  not  every  other  part  of  tho  world  been  in 
its  turn  also  subject  to  similar  action  ? 

I  append  a  list  of  the  marine  oiganisms  which  hare  been  found 
on  Hoel  Tryfan  by  Mr.  Trimmer,  Mr.  Darbishire,  Capt.  Dmiy  Lowe, 
Professor  Ramsay,  Mr.  Etberidge,  "Sir.  Bateson  (the  prc^ietoir  of  the 
Alexandra  slate-(iuarries),  and  Mr.  >rackintosh.  Tho  specimens  col- 
lected bv  ^Ir.  Trimmer  are  in  the  Museum  of  this  Societv  :  and 
other  specimens  are  in  the  31useum  of  Practical  Geology.  1  have 
examined  all  tho  specimens — except  some  of  those  included  iu 
Mr.  Darbishire'a  list,  which  I  will  give  in  italics. 

MOLLtrSOA. 

COKCUIF£SA. 

Oftrea  ednlii,  LitmS. 

PectPTi  opercularis,  L, 
M^iilus  edulin,  L, 
M.  modiolus,  L. 

Leda  pcrnula,  Miillcr. 
Pcctuncnlm  glycymcris,  L. 
Giirdium  echinatum,  L. 
C.  fasciatinn,  Montagu. 
C.  edulo,  L. 

C.  norvefficum,  Spenglor. 
pTpriim  iilandica,  L. 

Astarto  8u1cnta,  Da  Costa  i  and  Tar.  oUipljcs. 
A.  borealis,  Chemnitz, 
A.  ermaioy  Gmj  ("crebrioostata,"  Forbe$). 

A.  cotnprcssa,  Mont, 
Venn»  cxoleta,  L. 
viryinem,  L. 

Q.J*aS.  Ko.148, 
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T.  geogranliiciis,  Ot.  ("  piillastm,'*  Mont), 
Tellina  baltbica,  L. 
T.  calcaria.  Ch.  C'  proxiina."'  J^rou-iA. 
Donax  vittatm,  Da  V.  ("  analiuus, "  Lamarck). 
Maetm  BoUds,  L. ;  and  w.  "  eUiptiea,**  Brown. 
Jl/.  mhtruvcafn.  T">n  C. 
Corbula  gMa,  Olivi  ('*  nucleus," 
Mra  truncata,  L» 
Saxiojiva  norregics^  iSjp. 
8.  nitiosn.  Tj. 
27  species  uud  2  varietieft. 

SoLENOCONClIlA. 

Dentalitim  eu talis.  />. 

D.  iitriolatiim,  8timpi>on  ("  abjBflonun,*'  ilf.  w*). 

Gastuopoda. 

Patella  Tulgata,  L. 

FiaureOa  grmea,  L,  (**  reticulata,"  Da  C). 

Trochus  mngns,  L. 
Laoona  divaricata,  Fubricius, 
Idttorina  obtuaata,  L, 
Jj.  riidis,  Maton, 
L.  litorea,  L. 
Turritella  tercbra,  L. 
,  iYa//  V  Ginelin  ("otauKi.'*  Jirodcrip  and  Swvr&yV 

Trill lolropis  borealis,  Jircd.  and  ifc/tf. 
Aporrhais  j)€s-pclecttnit  L. 
Purpura  lapiUm.  L. 
Buocinum  undatuin,  Ii,  '  , 

Murex  eriuaceus,  L. 
Tnpkm  barvieftuiB,  Johnston. 
T.  clathmtus,  L. ;  and  Tar.  truncata. 
T.  latericeus,  FaOr. 
"Fmu  antaquui,  L, 
F*graeUu,  Da  C. 
Nassa  reticulata,  L, 
N.  incrassata,  Miill. 
Pleurotoma  nebula,  Mont* 
P.  rufa,  Moil/. 
P.  pjrramidulis,  Sfriivu 
P.tonricnU,  Monf. 
(',■//, rr/'it  ruroprra,  Mont. 
28  Bpcuiea,  aud  1  variety. 

CRUSTACEA. 

CiaupsDi*. 

Bdlanm  Ba.meH,  Aaeaniaa. 
B.  crenatos,  Sniffuiird, 


Serpula  Iriquetra,  L. 


AIWULOSA. 

A:(S£I'IDA. 

PROTOZOA. 
Spoxcu. 


Cliona,  2  species. 
Total  60  species,  and  8  yazieticii. 


I 
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Eleven  of  the  species  of  iloUusca  in  the  ubovo  list  are  arctic  OT 
northern,  viz.  Leda  perinil  :^  Astarfc  couq^ngsd ,  A.  horealis,  A.  ere- 
natdy  Tellina  calcaria,  t'^axiaiva  iiorveyica,  Satica  ajjiiiis^  Truhotro^is 
horisulisy  TropJion  claihratus  (typical),  T.  laiericeuSy  and  Pleurotomd 
pt/ramidalis ;  the  fiist,  third,  fourth,  fifth,  seventh,  and  three  last 
are  Norwegian  and  nc^  British.  These  species  represent  a  depth 
of  from  ten  to  twenty  fathoms.  The  other  species  are  littoral, 
or  inhabit  shallo-vr  water :  and  I  lielievi;  they  still  live  in  Carnarvon 
Bay.  All  the  orpranisms  arc  more  or  less  fra2:mcntary,  jierhaps 
owing  to  glacial  action.  They  arc  all  together  (iiJ  ;  but  that  number 
might  be  considerably  increased  by  future  observers. 


DlBCVBSIOK. 

The  pRTisTDEXT  pointcd  out  that  one  great  value  of  tliis  pnper 
consisted  in  its  giving  a  complete  list  of  the  veiy  fragmentary 
forms  found  in  the  Moel-Tryfan  bed.;. 

Mr.  W.  ^V.  Smyth  said  that  foj-sils  had  not  been  found  in  any  of 
the  saperficial  deposits  on  the  flanks  of  Moel  Try  fan ;  the  hill 
has  heen  rendered  easily  aecessible  by  a  narrow-gange  railway. 

Trot,  T.  M*£.  Hughes  asked  the  authw  if  he  distinguished 
between  those  deposits  in  Avliieh  the  shells  appeared  not  to  liave 
drifted  far  from  their  habitat  and  those  in  wliicli,  as  in  the  case  of 
Moel  Tryfan,  they  were  evidently  the  dead  shells  tlirown  up  on  a 
shingly  shore,  lie  drew  attention  to  the  fact  that  the  flints  &c.  in 
the  Moel-Tr}'fan  beds,  apparently  derived  from  the  dostmction  of 
ancient  gravels,  pointed  to  a  travelling  beach ;  and  the  state  of  the 
shells,  very  few  of  which  were  whole,  agreed  with  this  view, 

Mr.  "WniTAKKR  asked  if  the  author  bad  attempted  to  cnmparo  the 
sands  with  shells  of  East  An^rlia  with  those  of  !Moel  Trytan. 

Mr.  Blake  objected  to  the  views  of  Dr.  Carpenter,  by  pointing 
out  that  the  Chalk,  which  is  said  to  be  a  deep-water  formation,  yet 
exists  at  oonsiderable  hmghts  above  the  present  searleveL 

Dr.  WooDWABD  referred  to  the  value  of  the  collection  of  shells  of 
existing  speoies  found  at  great  elevations  by  the  recent  Aictio  Ex- 
pedition. 

The  Pri-stt>ext  stated  that  some  very  delicate  shoUs  were  found 
entire  and  uninjured  at  Moel  Trjfan. 

The  AuinoB  (in  reply)  said  that  the  Mocl-Tiyfan  deposit  was  not 
strictly  a  gladai  one.  The  fauna  has  a  Norwegian  rather  than  an 
iLretie  fades.  The  broken  appearance  of  shells  may  be  due  to  other 
c^iuses  than  glacial  action.  He  stated  that  some  of  the  Moel-Tryfan 
•hells  (e.g.  TettifM  haltkica)  are  quite  peilbot. 
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26.  A  Eevikw  of  the  Famih/  Diastopoeidje  for  the  purpose  of 
Classijication.  By  CJeokgk  IIobert  Yixe,  Esq.  (Communi- 
cated by  Prof.  DuKCAN,  M.  li.  Loud.,  r.It.S.,  Jb\G.lS.)  (llead 
May  12,  IbSO.) 

[Plate  XIU.] 

The  Biostoporidee  are  a  group  of  adherent  Polyzoa  belonging  to  tiia 
suborder  Cydostomata.  Busk  defines  the  p:eneric  characters  thus: — 
"Zoiirium  cmstnceons  or  foliaceous,  disioifl  or  indefinite  in  outline; 
adnate  and  Hossilc,  or  pedunculate  and  erect :  no  canci  lli  ''*.  This 
reijtricted  detiuition  limits  the  group  to  almost  a  single  genus  ;  lor 
the  MeaenteriparA  of  BlainTille  is  the  only  other  genus  classed  by 
Smitt  and  Bosk  among  Biastopoiids,  and  we  non-canoeUatod  sor&oe 
aeparates  this  small  family  from  the  DiscoporeUidte. 

In  this  review  of  the  recent  and  fossil  Diastoporidae  we  must  bear 
in  mind  the  restriction  formulated  by  lUisk,  because  as  wo  c:o  back- 
ward in  time  the  uccesBity  of  this  caution  will  be  apparent.  The 
faniily  was  never  prolific  either  gcnerically  or  spccitijcally ;  but  in 
nearly  all  fbe  S688,  from  ibe  Lower-Silorian  era  to  the  present,  re- 
preeentatives  of  the  fandl j  are  generally  found  in  deep-sea  deposits. 
Thdr  geographical  range  now  is  chiefly  northern ;  and  their  hathy- 
metrical  range  in  the  past  was  as  variable  as  now. 

In  his  definition  of  tlie  genus  Diasfopora,  Busk  says  : — Zo;irium 
udnatc,  discoid  or  llabelliforni,  centric  or  excentric,  margin  entire  or 
lobed ;  cells  towards  the  centre  wholly  immersed,  usually  suberect;, 
and  partially  free  towards  the  margin ;  month  elliptical  or  subor- 
bicoiar,  horuEontal  or  ohliqne  "f.  As  there  is  no  typical  species  in 
which  the  whole  of  these  characters  are  preserved,  we  are  compelled 
to  seek  them  in  the  five  species  catalogued  as  recent  and  fossil  by 
Busk.  But  there  are  specific  characters  not  embraced  in  the  generic 
definition,  to  which  T  w  ish  to  direct  attention.  In  IJ.  aiuqjlea:  the 
surface  is  coarstly  punctate,  and  there  are  no  adventitious  tubule." 
In  D,  €beUa^  Johnst,  the  surfooe  is  finely  punctate,  and  a  small 
^  adventatioas  tubule  rises  from  back  <«  eome  of  tiie  cells."  In 
Z>.  jmtinOf  Lamk.,  the  central  cells  arc  immetsed  and  usually  closed, 
whilst  the  marginal  ones  are  erect  and  open ;  and  in  1).  corif/esta, 
)rb.,  the  cells  are  decumbent,  the  surface  is  spotted,  and  a  secon- 
dary disk  arises  from  the  .surface  of  the  primary  one.  In  pi.  xxxiv. 
of  the  '  Cydostomata,'  Busk  gives  a  figure  of  J).  santiciisiSf  !Norman, 
but  no  deseriptive  text  Norman,  however,  claims  far  this  species  a 
separate  identity;  but  tiie  most  characteristic  feature  is  its  size, 
*'and  here  and  there  among  the  open-mouthed  eeU-tubea  there 
occurs  a  tube  which,  instead  of  being  open,  is  closed  above  willi  a 
little  cup,  from  one  side  of  the  centre  of  which  rises  an  umbr>n;il- 
like  process,  which  is  perforated  at  the  apex.    Probably  these  organs 

*  Mas.  Gat,  pt  iii.  Cydcwtomata,  p.  27*  t  Ibid.  p.  28. 
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aro  connected  with  the  reproduction  of  Diaaioporat  and  are  homolo- 
gous -with  ovicclls"*. 
These  are  all  the  xeoeot  and  fosnl  Diattoporm  g^Ten  by  Busk  in 

the '  Cydostomata '  and  in  the  '  Crag  rolyzoa.*  "Waters,  in  hia 
papers  on  tho  Naples  "  Bryozoa  "  t  and  in  his  paper  on  the  "  Bryo- 
zoa  from  the  Pliorcno  of  Sicily  revives  one  of  the  synonyms  of 
Busk's  I),  ohelia^  the  IJ.  laUj-marifinaUi  of  D'Orb.,  and  adopt«  D^jla- 
belluru,  Ileuss,  in  the  place  of  IJ.  siuipi^^  Busk,  on  the  ground  that 
D*Orbigny  had  alfoady  appropriated  the  term  for  a  fbasi!  apedes  §. 

In  this  review  of  the  lunily  I  wish  to  direct  the  attention  of  &e 
jpalcEontohgi&t  mofO  paiticalarly  to  the  Faltcozoic  forms ;  but  it  may 
be  advantageous  as  a  more  accurate  study  if  I  give  a  stratigraphical 
list  of  the  fossil  Biastoporidnp,  crleancd  from  works  that  are  acces- 
sible to  mo ;  for  the  remarks  mjide  upon  the  species  from  Rocent  to 
the  Chalk,  and  from  the  Carboniferous  to  the  Upper  biluriau,  are  the 
results  of  origiBal  investigation. 


Posr-TfiBrusr. 

FliIOCBSIB. 


HlOCBNB. 
XJrPBR  ClUUL 


Grkkhsaxd. 
Oolite. 

Lias. 

f 

OAuonnBovs. 


Spedat  almdy  givNi. 

jHtutopora         Flem.  Garrel  Park,  SeoHand. 

 Simplex,  Busk's  '  Crag  Polyroa,* 

— •  meandrina.  Wood,  Mor.  Cat. 

fiabtUum,  Beius,  Watere's  '  Bryozoa  of  Naple».' 

—  — ,  Beuss,  Manzoni's  •  fiiyowi  d'Aust.' 

 ffraiulis,  D'Orb.,  "  D.  ramosa  resj  doubtfUL" 

 Sowerbii,  Lonsd.,  Mor.  Cat. 

—  WethcrelU,  Morris,  Mor.  Cat. 

 glovirrafa  and  congesfa,  D'Qilii,,  Suik't  Cat. 

 vlavula,  D  Orb.,  Mor.  Cat. 

inbenaa,  D*Orb.,  Mor.  CU. 

jpapi/rarra ,  DOrb.,  Mor.  Cati 
Sarenicea/oliacea,  Lumx.,  Mor.  Oat. 

—  venvcota,  Mihie-Edw.,  Mor.  Cat. 

—  diliimanOt  Milne-Ed w.,  Mor.  Cat. 

I        fAidcmnin.  ATilno-Edw,,  Mor.  Cat.JI 
■  ■     striata,  J.  il;uinf.    Liivs  of  Valim 

 OHtypodium^  Tate,  African  form  *♦. 

 nuftutamut,  M'Coy, '  Irish  f  oasila.' 


•  Ann.  k  Mht*  Nat  Hist.,  Janomy  1864. 

t  Ann.  &  Mag.  Nat.  Hist.,  April  1879,  p.  272. 
1  Manchester  OeoL  Soc.  Trans.,  May  ld78. 

§  The  Rer.  T.  Hindn,  in  his  ne«r  woik  on  Britiih  Po^yna.  does  nofc  admit 

the  rendering  of  ^Ir.  \V:it<>r»,  but  gives  a  newname^  JD.  wAorbimlenit^  to  3), 
timplcjc  (Brii.  Polyzoa,  vol.  i.  pp.  4(14  t©  4ti6). 

I  Elea  and  Bidiaftopora,  DOrb.,  require  reworking;  and  I  shall  be  glad  if 
paheontologists  will  help  me  in  this  matter. 

•[  Tf  Ikrenicea  striata,  J.  Ilaiine,  of  tlie  Lias  of  Valica,  may  be  taken  as  the 
type  of  our  foreign  Secondary  rocka,  it  may  bo  taken  also  as  the  tjpe  of  our  own 
Oolitic  species.  I  have  not  M«n  Haime's  figure ;  but  Maasoni,  in  hit  * BrioiEoi.del 
Pliocene  antico  di  Castrocaro,'  gives  gootl  figures  of  Diasf opera  (Hrrctiirra) 
ahriata,  J.  Haime  (p.  44,  tav.  vL  fig.  74,  and  tav.  \ii,  fig.7U),  which  very  closely 
naembfo  our  species  from  the  Inferior  and  Great  Ootlte  of  Cleere  and 
Kidhngton. 

•»  <iuart  Joum.  GeoL  Soc  1867,  p.  162.  "The  only  Polyzoon  hitherto 
known  in  the  Seeondaiy  mis  of  South  Africa." 


Digitized  by  Google 


358 


6.  B.  rm  on  XHB  DIASTOPOBUUt. 


Nioholion,  Oeol.  Mag.  1875. 
SlLViuWtUpntB.    ■     inerttstans.  Hall,  Pul.  of  Now  York,  voL  ii. 

,  •   fJiiofiisi's,  yioholsoii,  Ann.  of  Nat.  Ili^-t.  ]S7.'». 

JJcrttiicea  irn(/ulans,  Lonsd.,  Sil.  Sjst,  p.  G7U,  pi.  15.  fig.  20# 
SiLVMiJur.Loim.        keteroff^ra,  M*Caj»  Pal.  Fon.  pL      Ilg.  17. 

It  is  impossible  to  look  over  thin  list  without  some  souse  of  hhaiue 
that  this  indibCrimiiiate  nome  nclature  should  be  allowed  to  inliuenco 
the  minds  of  tlioae  who  undertake  the  task  of  intiodueing  to  the 
palffiontdogist  new  species  of  fossil  Diastoporido.  Between  the 
JBermicea  of  Lamonroux,  the  Ceramopora  of  Hall,  and  the  Diasto- 
pora  of  Smitt  and  Busk  tlicro  is  a  wide  diffcronce — so  nnich  m  tliat, 
though  all  the  freiiera  are  incrustisiir,  (Ik  iv  art-  special  features  about 
the  Tala^ozoic  that  are  not  found  in  tlie  .Secondary,  Tertiary,  or  re- 
cent forms.  For  the  present  many  of  the  species  in  this  liat  may  bo 
oonveniently  left  with  the  Diastoporidn ;  but  I  would  strongly  ad- 
vise those  who  are  in  possession  of  good  characteristio  specimens  nS. 
Secondary  forms  to  allow  them  to  be  examiiu d  by  some  competent 
authority,  so  that  this  review  may  be  cora])lete<l,  because  some  few 
that  are  catalogued  are  not  JJiastopom  or  even  Diasloporidaj. 

The  generic  characters  of  Lamouroux's  Btrenuen,  as  given  by 
M'Coy,  are  as  follows: — Parasitic :  cells  united  in  a  spot-like 
crust,' radiating  from  a  centre:  adhering  throughout,  not  circum- 
scribed ;  mouth  at  the  distal  extremity  of  each  cell ;  snbstanoe  sti6- 
menihranaceous  In  the  'Brit.  Pal.  Fos.'  p.  11.  M'Coy  very  pro- 
perly checked  Lamouroux's  wider  characters  ;  and  liis  descrii)ti()Ti  of 
the  gciuis  suits  more  partirnlarly  some  at  least  of  the  Palieozoic 
forms.  The  B.  IwUrojijni,  .M-CW,  of  the  Low"er  Silurian  rocks  of 
Coniston,  is  a  remarkable  species.  From  his  description  it  seems  to 
me  to  be  a  true  IHastoporid  of  a  very  peculiar  type ;  but  the  size  of 
the  cells  in  the  length  (throe  to  the  spsce  of  one  line),  occnp^g  the 
same  space  as  the  ten  or  eleven  pores  crosswise,  is  xcry  unusual. 
M*Coy  says  nothing  about  the  intprspnces  l)etween  the  cells  in 
his  sjMicies.  Tiie  B.  inrrjnltiris  of  Loiistlale  is  very  iiisullicicutly 
described;  but  as  the  locality  of  his  fossil  is  given  (Dudley.),  iden- 
tification is  not  BO  difficult.  Tho  spocics,  however,  recjuires  rework- 
ing: and  in  doing  thb  I  find  that  tho  cells  are  very  sparsely  punc- 
tate ;  and  when  sections  are  made  for  microscopic  examination,  tho 
interspaces  between  tho  cells  of  tliis  s])ecies  are  plain,  and  the  mode 
of  bifurcation  and  llie  attachment  of  the  cells  arc  also  of  a  peculiar 
type.  Tho  cell-puies,  too,  are  not  so  fully  dcvi'Lipcd  as  in  the  genus 
(Jinuno^toraj  nor  are  the  ceil-mouths  so  distinctly  marked.  It  seems, 
to  me,  however,  to  he  a  very  unwise  procedure  to  substitute  another 
name  fm  these  Silurian  species ;  I  therefore  propose  that  M^Co/s 
definition  for  the  genus  in  *  Brit.  Palaeozoic  Fossils  *  be  adopted,  and 
entirely  restricted  to  the  "  very  thin  calcareous  foliaoeous  "  forms  of 
the  Sihirian  rocks  of  this  country  at  least. 

In  the  genus  Ceraniujiorff,  Hall,  we  have  an  altogether  different 
type  of  tho  family  Blast o])orida3.  In  this  genus  we  have  an  in- 
crusting  polyzoon  witb  pores  separated  by  interspaces  as  well  as  the 

•  Cavb.  FoM.  of  Ireknd,  1844. 
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■^cc'U-'walls,  the  interspaces  being  occupied  by  fine  tubuii.  In  size 
and  shape  the  American  species  do  not  differ  very  materially  from 
the  Dadley  Barenieea ;  but  in  Nicholaon's  O.  M>enti9*  we  obtain  an 
'sltofcether  new  feature.  The  cell-arrangements  of  figs.  7  and  7  a  are 
aimilar  in  diaractcr,  when  fkyoozably  selected,  to  those  of  Carbonife«> 
rous  species.  The  tnie  type  is  seen  in  fig:s.  7c  and  7  (L  In  these  figures 
"  the  cells  appear  in  the  form  of  rounded  oval  apertures,  arranged 
in  diagonal  rows,  but  separated  by  a  vast  number  of  smaU  rounded 
foramina,  which  appear  to  be  the  mouths  of  interstitial  tubttU.  In 
tbis  oondition  &e  foMil  presents  mndi  the  appearanoe  of  certain 
apeeiesdf  Ohaietei  (MontieuHp<nra)'''f.  This  is  a  Silarian  form  from 
the  Cincinnati  group.  The  C.  tiu-rtufcftw  of  HaU  has  a  nodulose  or 
tuberculatcd  surface:  and  in  the  C.  huronmsis^'SicYiohon,  the  surfaces 
between  the  cells  arc  smooth,  but  the  cells  are  distinctly  sepjirated, 
and  the  generic  character  of  the  species  is  well  marked  in  the 
pores. 

All  tiifise  species  are  comparatively  small  in  fbe  apertures  wben 
•eompaxed  with  the  Berenhea  hifffastonui  of  M*Coy,  of  the  Carboni- 
ferous formation  (PI.  XIH,),  This  species  is  more  closely  allied  to 
Ctramopom  than  to  Bereniccn.  Tlic  patches  vary  in  size  from  one 
quarter  up  to  neaily  three  (juarters  of  an  inch  in  diameter.  Tlie 
patches  radiate  from  a  centric  or  exccntric  point.  The  cells  toward 
the  centre  are  depressed,  the  cell-mouths  arc  raised,  having  a  drealar 
form  wben  worn,  triangular  wben  pretty  pcrfiBct.  Tbe  cells  bave  a 
pyrifonn  appearance,  best  seen  in  worn  specimens  ;  but  when  thin 
sections  arc  made  for  microsoo^  study,  the  pyrifonn  character  is 
seen  better  still,  and  the  interspaces  are  filled  with  what  Xicholson 
calls  "interstitial  tubnli."  In  addition  totlieso  observations  1  can- 
not do  better  than  conclude  this  description  with  a  tow  remarks  by 
Mr.  John  Young  on  this  species : — Our  specimens  sbow  the  cba- 
Tacters  of  M*Ooy  clearly ;  but  I  bave  been  fortunate  in  finding  in 
tbe  shales  of  Capelrig,  East  Kilbride,  examples  of  the  species  sbow- 
ing,  besides,  that  the  perfect  cells  were  closed  by  a  thin  calcareous 
cover,  pierced  by  a  narrow  slit  or  opening,  just  under  the  raised  lip 
of  the  cell,  and,  further,  that  amongst  the  cells  there  is  a  minute 
ccUvdar  structure,  best  seen  in  slightly  worn  specimens  "^i.  In  this, 
as  well  as  in  other  respects,  the  Capelrig  species  differs  from  the  well- 
preserved  specimenB  from  Hairmyres ;  and  in  one  of  my  spodmens 
a  secondary  disk  rises,  or,  rather,  covers  a  portion  of  tbe  primary  one* 
.Tbe  arrangement  of  the  cells  and  the  thin  calcareous  surface-cover- 
iug  are  nlso  different.  It  appears,  therefore,  that  we  have  in  our 
Carboniferous  Limestone  series  two  distinct  s])erics  instead  of  one. 

The  Secondary  forms  of  the  Diastoporidffi  approach  nearer  to  the 
Keoent  than  to  the  Palaeozoic ;  but  on  these  I  have  already  expressed 
my  opinion. 

It  is  dear,  then,  from  all  that  bas  been  said,  that  the  Paheozoie 
lepresentatiYes  of  the  family  Diastoporidee  differ  vory  materially  from 

*  Ann.  k  ^\ng.  Nat  Hist  1675,  toL  xv.  pL  sir.  figs.  1-1  d. 

t  Ibid,  p 

X  Kcv*sj>uper  rcjKjrt.    Address  to  the  Geol.  Soc.  of  Glasgow,  Oct  1S7U. 
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the  more  recent  members.  If  the  whole  are  to  be  daasified  under 
ene  fomily  name,  a  course  highly  advantanieoiiB  to  the  study  of 
^olyzoa,  it  will  be  necessary  to  take  into  consideration  the  more  pro- 
minent characters,  and  place  the  species  of  the  different  formations 
nnder  suitable  genera.  I  have  already  suprg^csted  this  course  io  Prof 
Kicholson  ;  and  ho  writes  me  as  follows  : — Tlio  Palipozoic  Tolyzoa 
of  the  types  Ceramojtora,  Bereni<-mf  and  Diastopora  are  at  present 
in  a  totally  chaotic  condition,  and  must  all  be  reworked  out  by 
modem  methods."  In  acoordanoe  with  this  suggestion  I  now  pro- 
pose, either  for  aoccptance  or  discussion,  the  following  gi  oupinj;  of  the 
family,  premising  at  the  same  time  that  the  whole  of  the  Palsaozoic 
Polyzoa  are  heiiif^  reworked  out  by  myself  for  the  purpose  of  classi- 
fication, and,  if  })ermissi])le,  will  be  submitted,  from  time  to  time, 
to  the  Society  for  consideration. 


Class  rOLYZOA,  J.  Y.  Thomson. 
SahelasB  Holobbahchia,  E.  Bay  Lankester. 
Order  GYMKOUBawzk,  AUman. 
Suborder  H.  Ctcxosioiiata,  Bosk. 

Family  lY.  Diastopobu)^  liusk*. 

Eeccnt  and  Tertiary..  Qoins    T.  Diastopora^  Johnston. 

Secondary   „      II.  To  bo  reworked. 

Palccozoic  (in  part)  , .     „     ITT.  Ceramopom,  IIall+. 
PaUeozoic  (in  part)  . .      „     IV.  Beremren,  :M'Coy'8  description 

restricted. 


idCPLAKATION  OF  FLAXB  XHI. 

Kg.  1.  Ceraniopora  niegastama  (^JJerenicca,  M'Coy),  Lower  Carboniierous  Lime- 
•tone  thales,  Hainnyret,  Seotland.   The  Adbflfeni  form.. 

In  i^onie  Bj)ecinion9  tlie  octocvht"  i-s  well  piTservcd  in  friif:imnifs~ 
when  this  is  so,  a  deliaitely  punctured  rtruciuro  envelops  the  cells. 

2.  Slightly  rublxd  polyzoary.  showing  the  '*inteiilitial  tubuli'^of  KiebmU 

eon  ( "  Polyzoii  from  Sil  urian  "notlla  of  North  Amexica,*'  Aim.  &  3bg. 

Nut.  Hii»t.,  March  1875). 

3.  SpccinR'M,  more  transparent,  showing  a  greater  abundance  of  th« 

"tubuH." 

Figs.  4,  5.  Slightly  oblique  ccll?i  and  interstitial  tubuli.  In  mnny  of  the  tubuli 
there  uro  the  remains  ol'lluids  (chylaqueous?),  in  the  form  of  iron- 
pyrites. 

(From  draviiigi  hf  the  aid  of  camem  Indda  by  my  son*  0.  R.  Tine,  jmi.) 


•  Ffim.  IV.  Diastoporiila,  JUi>k,  '  Marine  Polyioa,'  pt.  3. 
t  CtTttmofora,  Hall,  Pal.  of  New  York,  toL  ii.  18S2. 
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Bnousnoir. 

f»tf.  DxTKciJX  expressed  his  sense  of  the  value  of  the  paper,  which 
■was  the  work  of  a  most  industrious  student.  His  remark  on  the 
distinction  between  the  modem  and  ancient  forms  of  iJiastoporida) 
showed  that  he  had  grasped  the  most  important  principle.  The 
specimens  weie  common  ;  but  still  the  distinctions  were  difficult  to 
sioerttiiL 
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27,  On  the  Structure  and  Affixities  of  tJie  Genus  Protospongia. 
{Salter).  By  W.  J.  Sollas,  Esq.,  M.A.,  F.11.S.E.,  F.G.S.,  &c 
(Read  May  12,  1880.) 

1.  LlTBRATURE. 

1S64,  Salter,  Q.  J.  (1.  S.  vol.  xx.  p.  238,  pi.  xiii.  fip:.  12V(,  I. 
1871,  Hicks,  Q.  J.  (J.  8.  vol.  xxvii.  p.  40 1,  pi.  xvi.  %s.  14  to  20. 
1 877,  ZiTTEL,  Abh.  tier  k.  baycr.  Akadomio  der  Wiss.  2.  CI.,  xiii. 
Jid.  "  Studicn  ii.  fossilc  Spongieii  "  (p.  45  sep.  copy). 

1877,  Caetur,  Ann.  and  Mag.  Nat.  Hist.  Ser.  4,  voL  xx.  p.  177. 

2.  History. 

Saut.r,  Tvho  was  the  first  to  introduco  tliis  S])()ii2:c  to  our  notice, 
describes  it  as  exhibiting  a  loosely  reticulate  skeleton,  composed  of 
large  crucilbmi  spicules,  tlio  rays  of  which  lie  all  in  one  plane  and 
cross  each  other  at  an  angle  of  80°.  He  adds  that  the  ordy  sponge 
resemUing  it  is  his  Ah^'hc^jiuitjia,  whiehhe  regards  as  allied  to 
QravMia — a  yiew  quite  in  aooordance  with  his  ideas  in  general  on  the 
Palseosmo  spongeB,  most  of  which  he  seems  to  have  referred  to  the 
Calcispongia.  In  a  foot-note  he  gives  a  qnotntion  from  a  letter  by 
Dr.  Bowerlfank,  who,  in  e(jiial  accordance  with  his  general  opinions 
as  to  the  affinities  of  fossil  sponges,  regarded  Frofoqiout/la  as  allied 
to  the  recent  homy  sponge  Sponffiomlla,  Bwbk.,  its  orginally  homy 
fibres  having,  according  to  him,  been  replaced  by  iron-pyritcfl. 

Hicks  describes  some  spicular  remains  which  he  thudu  may  be* 
long  to  Proto$po)irjla,  and  gives  a  diagrammatic  figure  of  a  line 
s])OL  imen  which  he  had  discovered  of  (Salter's  original  spetues,  P. 
feneati'ttta. 

ZriTEL  places  these  Sponges  with  the  Hcxactinellidas,  and  in  his 
group  Dictyonina,  which  is  nearly  equivalent  to  Carter^sVitreo-hexae- 
tinellide.  Ho  further  more  closely  defines  its  relations  by  placing  it 
in  the  family  EnrctidaB.    Certaiuh-  the  resemblance  of  the  ordinary 

specimens  of  Protoipwgia  to  my  Euhrocha*  davsxis,  also  a  member 

of  the  EuretidjT,  is  very  great,  and  at  one  time,  long  before  the  ]>ub- 
lication  of  Zittel's  mouogra})h,  led  mo  to  regard  them  as  allied : 
fresh  facts,  however,  have  since  jshown  me  that  this  view  is  not 
correct. 

Caxtbb  considers  it  probable  that  both  Aeanthosponr/ia  of  If  *Goy 
and  Phttotpongia  of  Salter  are  the  remains  of  Sarco-hexactinellid 
sponges.   Tbis  view,  as  regards  the  latter,  is  entirely  confirmed  by 

my  own  observations. 

Thronirh  tlio  kindness  of  rrofc'.>sor  lluglics  I  have  \nvn  favouroil 
with  an  opportunity  of  fully  examining  the  unique  and  beautitul 
spcoimcn  of  Protospowjia  fenestrata  which  has  been  figured  by  Br. 
Hicln  (foe  cU.)  and  presented  by  him  to  the  Woodwardian  ]Ca> 
seam,  Cambridge.  Br.  Hicks  also  has  himself  generously  presented 
me  with  a  number  of  the  ordinary  spedmens  of  Protospowfia ;  and 
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after  a  study  of  the  whole  of  the  material  which  has  come  under  my 
obiervatum,  I  Ibel  no  difBcnlty  in  d^nitely  aasigninf^  to  Protottponffia 
its  ])Iace  amongst  the  other  sponges.  Moreover,  as  Dr.  Hieks's  figure 

of  his  Bpecimcu  is  nlmost  puroly  di;i2:rnr!imatic,  I  have  ventured  to 
insert  hero  a  fro.^li  drawing:  of  jiart  of  it,  kindly  made  for  me  by  my 
friend  Mr.  T.  H.  'J'horaas,  of  Carditf.  The  great  interest  whidi  must 
necessarily-  attach  to  the  beat -preserved  specimen  of  the  oldest  kiiowu 
epongo  xendert  ezeiise  for  this  seoond  representation  of  it  needless. 

3.  DiisciapTiox. 

The  specimens  on  which  S';i] tor's  dcpeription  was  based  were 
enished  and  tlattencd  forms  in  whicli  llie  skeleton  a])jtears  as  raised 
lines  or  narrow  thread-like  ridges  arranged  in  a  lattice- like  retieula- 
tion  on  the  bedding-planes  of  the  slate  which  serres  as  a  matrix. 
Br.  Hicks's  apedmen  (fig.  1%  on  the  other  hand,  ptesents  ns  with  the 

Fig,  1. — Part  of  the  specimen  of  Protospongia  fenestrate,  in  ik$ 
Woodwardian  Museum.    ( Natural  size.) 


spicules  of  the  sponge  in  their  original  form,  unaltered,  or  but  slightly 
altered  by  pressure,  and  standing'  out  in  free  relief  from  the  weathered 
matrix,  whicli  h^us  iu  several  places  been  artistically  cleared  away 
from  beneath  them. 

In  this  state  of  perfect  prcservatiou  the  spicules  are  clearly  not 
•fosed  together  into  a  eontinnone  network;  they  are  separated  and 
fre(>,  and  only  form  a  network  by  the  interlacing  of  tiicsr  extremities. 
Their  form  also  is  somewhat  different  from  that  of  the  spicules  of 
crushed  specimens. 

Form  nf  the  ><2){ni/t.<. — Kach  spicule  is  quadriradiate,  with  its 
eentre  raised  some  slight  but  variaMe  distance  above  the  plane  in 
which  its  rays  terminate.  Its  general  form  may  be  most  easily 
dcjMvihed  hy  imagining  it  as  modelled  upon  a  low  four-sided  pyra- 
mid, the  centre  ctf  the  spicule  lying  upon  the  apex,  and  its  four  rays 
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one  over  caeh  of  the  four  inclined  edges  of  the  pyramid.   The  base 

of  the  pyramid  moat  he  ivgarded  as  roc-tnnguhir,  a  little  longer  than 
broad  ;  for  cvon  in  the  uncnislicd  state  tho  rays  of  the  spicules  do 
not  form  rijrht  angles  with  each  other,  but  include  one  pair  of  oppo- 
eite  angles  of  leiis,  and  another  of  more  than  90®.  Probably,  how- 
ever, this  departure  of  the  rays  from  stnct  rcctaQgularity  is  due  to 
the  pressure  which  bron^t  about  the  deavage  of  tiie  slate  in  which 
the  spicules  occur ;  for  it  is  noticeable  that  the  spicules  of  any  single 
specimen  arc  all  similarly  orientated;  i.e,  the  liurger  angles  all  look 
one  way,  and  the  smaller  another,  as  if  some  general  distorting:  f<^rcc 
had  acted  upon  all  the  spicules  at  once,  closing  up  the  rays  in  one 
direction  and  opening:  them  out  in  another. 

Pour  rays  ore  all  that  each  s2>icule  can  be  shown  to  possess ;  but 
a  fifth  might  naturally  bo  expected  to  be  present,  having  its  origin 
from  the  under  sur&ce  of  the  spicular  centre,  and  a  poaitiini  coin- 
ciding with  tho  morphological  axis  of  our  imaginary  pyramid. 
Whether  sucli  a  ray  actually  exists  or  not,  I  have?  been  unable  to 
determine,  though  certain  obscure  indications  lead  me  to  believe  that 
it  docs.  On  tho  other  hand,  it  is  quit©  clear  that  no  ray  was  given 
off  in  the  opposite  direction,  i,  e.  from  the  upperside  of  the  middle 
of  the  spicule  upwards ;  for  this  side  is  perfectly  preserved  and  deariy 
visible,  and  yet  affords  no  toUM  of  the  existence  of  sudl  of  a  ray ;  it 
has  evidently  been  always  as  smooth  and  devoid  of  ornament  as  it  is 
now. 

The  spicular  rays"  are  quite  circular  in  section  and  almost  com- 
pletely cylindrical  in  form,  scarcely  tapering  at  all,  so  far  as  they 
can  be  traced — except  in  the  case  of  the  smaller  spicules,  the  rays  of 
which  are  evidently  acute  cones ;  none  of  the  spicules,  however,  shows 
the  ultimate  termination  of  a  single  ray ;  for  the  ends  of  tho  rays  are 
either  broken  off,  imbedded  in  the  slate,  or  hidden  by  passing  beneath 
tho  arms  of  arljaccTit  s]iicnles.  In  size  the  spicules  are  of  four  dif- 
ferent grades  :  in  tlio  largest  forms  tho  spicular  rays  are  ^  of  an  inch 
long,  so  that  tho  wholo  spicule  measures  as  much  as  of  an  inch 
between  the  ends  of  two  opposite  rays  ;  in  the  second-sized  spicule 
the  rays  aro  of  an  inch  long,  in  the  third  and  in  the  fourth 
size  of  an  inch  long  :  thus  each  spicule  is  twice  the  sice  of  the 
one  next  succeeding  it  in  the  scale. 

Anyoufcmeut  of  tlie  ,S/iir>ih,s\ — Tlie  largest  or  primary  spicules 
form  a  framework,  which  is  tilled  in  ])v  the  smaller  forms.  The 
secondar}'  spicules  are  placed  so  that  the  centre  of  each  coincides 
with  the  centre  of  tho  square  which  would  be  formed  by  completing 
the  rectangle  included  between  the  adjacent  rays  of  the  primary 
spicule.  The  four  rays  of  the  secondary  spicule  proceed  from  their 
origin  directly  towards  and  at  right  angles^  to  the  sides  of  the  imagi- 
narj'  square,  one  to  each  side  ;  those  which  approach  the  rays  of  the 
primary  spicule  descend  beneath  tliem  and  become  lost  to  observa- 
tion. The  tertiary  spicules  are  similarly  arranged  ;  but  in  their  case 
the  squares  within  which  they  lie  are  eliiefly  real  and  not  imaginary, 
some  of  the  squares  being  formed  by  two  rays  of  the  primary  and 
two  of  the  secondary  spicules,  others  having  two  sides  formed  by 
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tiie  secondary  rays,  and  one  by  a  primary  ray.  [The  imaginaiy 
sqnaro  of  the  primniy  spionlo  may  bavo  been,  and  probably  was, 
equally  actual ;  but  in  the  epeoimen  before  ue  there  is  nothing  to 
show  this.] 

The  rays  of  the  tertian^  spicules  end  by  passing  beneath  the  rays 
of  tho  primary  or  secondary  spicules,  just  as  the  rays  of  the  secon- 
dary' passed  beneath  those  of  the  primary  spieoles. 

The  quaternary  spieoles  are  arranged  in  Uke  manner,  their  oentros 
lying  in  the  centres  of  the  squares  formed  by  the  other  spieoles,  and 
their  rays  being  directed  at  right  angles  to  the  other  rays,  beneath 
"which  they  terminate.  Sometimes,  however,  one  or  more  rays  of  a 
quaternary  spicule  overlap,  while  the  remainder  underlap,  the  rays 
of  the  surrounding  spicules ;  but  tliis  is  quite  excej>tional.  The 
spicules  are  thus  symmetrieally  arranged,  their  rays  all  l}-ing  regu- 
larly disposed  in  two  directions  at  right  angles  to  each  other,  and 
so  building  up  a  netwoik  with  square  meshes.  The  following 
figoie  (fig.  SH)  will  serve  as  a  diagram  of  this  arrangement. 

Pig.  2. — A  single  liirye  spicule  0/ Ftetospongia,  wilh  (he  snxalUr 


One  notices  in  Dr.  Hicks's  specimen  a  tendency  to  depart  ftem 
striot  reetangnlarity  in  the  meshes,  through  a  genersl  approadi  of 
the  spieoles  at  one  end  of  the  specimen  and  a  general  divergence  at 
the  other,  as  thoogh  the  part  of  the  skdeton  ex]>osed  had  once  be- 
longed to  a  more  or  less  spherical  sponge,  and  not  to  one  having  the 
form  of  a  mere  flat  film  or  plate.  The  sjTumctry  of  the  arrange- 
ment is  also  liable  to  bo  disturbed  by  many  minor  irregularities,  a  few 
of  tho  smaller  spicules  being  mure  or  less  differently  oriented  from  the 
remainder.  In  one  ease  also  the  eentre  of  a  quaternary  spicule  ap- 
pears to  be  seated  almost  exactly  upon  the  ray  of  one  of  the  larger 
fimns,  from  which  one  might  infer  that  this  partieular  spicule,  at  all 
events,  did  not  posses  a  fifth  ray. 

Thickness  of  the  Sjionrje-tnaU. — Aa  regards  this  we  have  as 
yet  no  certain  knowledge ;  but  it  appears  to  have  consisted  of 
more  than  one  layer  of  spicules.  In  the  specimen  two  layers 
of  sponge-stroeture  are  shown  at  different  levels,  separated  by  a 
Uttle  **^aSJ*  Bnt  not  much  is  to  be  concluded  from  this ;  for  the '  cliff* 
may  be  merely  duo  to  a  'slip'  or  minute  faidt  which  has  shifted  an. 
originally  single  layer  of  sponge-stnicture  to  different  levels ;  or  even 
if  this  be  not  the  case  (and  the  presence  of  a  layer  of  iron-oxide 
continuing  the  direction  of  the  lower  layer  beneath  the  upper  seems 
to  show  that  it  is  not),  there  still  remain  threo  possible  interpre- 
tations of  the  double  layer:  the  sponge,  for  instance,  may  have 
been  tfain-waUed  and  saodform,  and  its  collapse  may  have  Ivooght 
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the  walls  of  opposite  sides  close  together;  or  it  may  have  been  an 
incrusting  Bat  film,  and  the  two  layers  may  indicate  the  successive 
growth  of  two  dyfemit  individaals  on  the  auane  spot ;  or,  finally, 
tiie  two  layers  may  repreBout  the  outer  and  inner  soifSMse  of  one  anid 
the  6amo  sjion^^c-wali,  which  in  tiiie  ease  aunt  litTo  been  of  some 
considerable  thickness. 

Form  of  Spo}ifft\ — Of  this  alao  we  are  eiitirely  ignorant.  It  may 
have  been  tlat  and  incrusting;  or,  on  the  other  hand,  it  may  have  been 
sacciform  and  anchored  in  the  slimy  ooze  of  the  sea-bottom  by  a 
tnft  of  anchoring  spicules,  of  which  Br.  Hioks's  Protosponcfia  major, 
maj  be  the  imperfectly  preserTcd  remains. 

Mineral  8iaU  of  Ou  Sjnniet. — ^^thont  doubt  the  spicules  were 
originally  siliceons ;  they  consist  now,  however,  of  iron-pyritea,  which, 
by  superficial  oxidatiun,  has  led  to  the  coating  of  the  spioules  with  a 
thin  red  layer  of  iron-rust. 

Taaonomic  Fosition  of  the  Sponye, — The  position  of  the  sponge 
with  regard  to  others  is  by  these  obeerrations  definitelj  fize^  It 
consists  of  cmoiform  spicules  of  Tarious  sizes  disposed  to  form  a 
regular  square  mesh  work,  the  rays  of  the  smaller  spicules  underly- 
ing at  tlicir  terminations  the  rays  of  the  h-irgcr  ones.  Snch  spicules 
so  disposed  are  to  be  met  with  nnionp;  ilie  Ifexactinellid  Sponges 
alone;  the  absence  of  one  (or  possibly  t\\o)  of  the  rays  whicli  should 
be  present  to  render  the  spicules  literally  hexactinellid  is  of  no  im- 
portance ;  in  seTeral  characteristic  forms  of  recent  Hoxactinellids 
similar  spieoles  are  common,  along  with  othera  of  the  genuine  sex- 
radiate  type.  The  suppression  of  one,  two,  three,  or  even  four 
arms  of  the  hexactinellid  spirnle  may  easily  take  place  without  af- 
fecting its  undoubted  Hexactinellid  character. 

Again,  the  spicules  of  Frotospongia  arc  separate  ;  they  arc  not 
united  either  by  enTclopment  in  a  common  coating  or  by  ankylosis : 
and  hence  they  must  clearly  be  assigned  to  the  Lyssahina  of  ^ttel, 
a  group  nearly  equivalent  to  Carter^s  division  of  the  8arco-hez- 
actinelUdso. 

The  nearer  relations  of  Proio^jwufjia  cannot  at  present  be  defined. 
Its  chief  diflerences  from  other  j>yssakine  Hcxactinellids  depend  on 
negative  characters,  aud  consequently  may  very  possibly  be  but  the 
expression  of  our  present  imperfect  luiowledgo  of  its  original  nature. 
For  the  present  we  mnst  rest  content  with  the  knowledge  of. the 
fact  that  it  is  a  true  Lyssakine  Hexac<aneUid. 

DiBouBSioir. 

Prof.  BuKOAH  expressed  his  pleasnre  at  hearing  so  good  a  descrip- 
tion of  an  ancient  sponge.   AYe  were  mnch  indebted  to  £owerbank. 

Carter,  Zittel,  and  Mr.  SoUas  for  their  work  among  the  sponges.  3 To 
had  liimself  obtained  from  a  coral  dredged  from  about  oOU  fathom-i 
iu  the  Atlantic  a  sponge  which  presented  some  analogies  to  Pn>to~ 
spongia.  He  would  be  glad  to  know  if  Mr.  Sollas  thought  Proto-' 
sponyia  part  of  the  dermal  stmctors  of  a  largo  sponge. 
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Br.  HicxB  desoribed  liis  disoovcry  of  ProUtspowjia.  He  had  never 
£nmd  it  otherwiBe  than  pyntked.  Tlile  condition,  he  had  ohaerred, 
was  particularly  oommon  in  foasilized  homy  oiganisms  in  the  Cam- 
brian rocks. 

Tho  pRESTDEXT  rciiiaiked  on  the  abundance  of  pyritizcd  remains 
at  certain  horizonB,  aiul  on  tho  value  of  the  CoUection  made  bj 
Dr.  Kicka  from  tho  Cambrian  rocks. 

Mr.  SoLLAB  aaid  he  inclined  to  the  view  that  PnOotporujia  was 
part  of  iStub  dermal  atmetnie ;  bat  still  it  was  stnmge  that  no  otiber 
part  was  found,  and  so  far  as  the  eTidence  went  it  was  qnite  as 
stroiif?  for  the  s|)ong:o  "being  comjilcte.  As  for  tho  occurrence  of 
pyritizcd  fossils,  one  might  expect  that  under  ftiiT?ii^ftr  circnmstanoes 
fossils  would  be  similarly  preserved. 
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'SS.  On  AxNEUD  Jaws  from  the  "Wkxlock  antf  Ludlow  rouMATioxs 
of  the  A\'i:sT  of  Exglaxd.  By  Giwkge  J£n:(1Ngs  Hiitbe,  Esq., 
i\G.S.    (ilead  May  12,  1880.) 

[PlatiXIV.] 

In  the  paper  which  I  had  the  honour  to  hring  hcforo  the  Society  in 

tho  early  part  of  last  year,  on  Annelid  jawH  from  the  PaLoozoic 
rocks  of  Canada  and  Scotland**,  1  ventured  to  express  an  ojunion  that 
these  small  budies  would  be  very  likely  found  in  rocks  of  similar  age 
iu  this  country.  iSiuce  that  time  I  have  had  the  opportunity  of 
searching  yarioiu  ezpomues  of  Uie  Silurian  rodn  at  Dudley,  Hueh 
Wenlock,  and  Iron  Bridge,  in  Shropshire,  all  well-known  localities 
for  Wenloek  foaails  :  and  in  each  plaoe  I  have  discovered  Annelid 
jaws  more  or  less  abundantly.  In  quarries  at  Stoke-Edith,  and  near 
Ludlow,  tho  rocks  of  L'])per  J^udlow  age  also  yielded  these  remains, 
though  by  no  means  so  abundantly  or  in  such  a  good  state  of 
preservation  as  the  Wenlock  rocks — a  result  perhaps  rather  owing 
to  the  leas  favourable  character  of  the  matrix  for  their  preservation 
and  to  the  more  limited  exposures  of  the  rock-surfaces  than  to  any 
defioienoy  in  the  number  of  the  Annelids.  iUtogether^  from  the 
above-mentioned  localities  my  search  produced  between  two  and 
three  hundred  specimens  of  these  minute  remains:  but  the  greater 
numl>er  of  those  proved  on  examination  to  be  only  lra«;mentar5- 
specimens ;  many  perish  in  the  process  of  cleaning  them  away  from 
the  matrix ;  and  thus  only  about  one  fburbh  of  the  total  number  are 
available  for  description.  It  is  a  matter  of  surprise  tiiat  these 
fossils,  occurring  thus  numerously  in  a  district  renowned  as  a  claa- 
mcal  hunting-ground  for  Silurian  fossils,  should  hitherto  have 
escaped  the  notice  of  j^eoloj,nsts ;  but  their  very  small  dimensions 
(tho  largest  specimen  met  with  not  exceeding  one  fifth  of  an  inch 
in  length)  will  sufiiciently  explain  the  cause  of  their  long  con- 
cealment. 

The  character  of  the  rocks  containinj^  tlu  se  jaws  is  closely  similar 
to  that  in  which  they  abound  in  Canada.  In  the  Wenlock  district 
they  appear  in  the  bluisli-grey  calcareous  shales  or  mndstones 
wliich  form  strata  of  jijreater  or  less  thickness  between  the  l)cds  of 
limestone  ;  and  in  quarrying  this  rock  these  intervening  shales  are 
usually  piled  up  on  one  sido  in  largo  mounds  of  debris.  It  is  only 
on  the  su&ces  of  shale  recently  exposed  that  these  fossils  are 
visible ;  nor  are  they  by  any  means  miifonnly  dispersed  in  it;  for  whilst 
in  one  p^t  of  a  quarry  fragments  can  bo  noticed  on  eycry  slab  of 
rock,  in  another  part  of  the  same  quarry  similar  shale  proves  desti- 
tute of  all  traces  of  them.  The  Upper  Ludlow  rocks,  as  shown  in 
quarries  at  Stokc-Edilh  and  on  the  banks  of  the  river  Terne  at  Lud- 
low, arc  more  arenaceous  and  of  a  much  harder  character  than 
those  of  Wenlock  ago ;  and  consequently  these  fragile  remains  have 

*  Quart.  Joam.  QeoL  Soe.  voL  xsxr,  p.  37(11 
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suffered  more  injnry  than  in  the  deposits  of  fiucr  material.  There 
are  in  these  same  Upper  Ludlow  strata  the  shelly  tubes  of  Serpv^' 
puUtes  longisnmuSf  MurdhiBon,  and  the  transversely  striiied 
riband-like  markings  of  Traehydtrma  coriaceum^  Phillips,  both  of 
which  fonns  have  been  referred  to  Annelids ;  but  I  have  not  met 
with  any  of  the  jaws  in  such  juxtapoFiition  with  either  of  these 
fossils  as  to  give  ground  for  the  supposition  that  they  may  have 
belonged  to  the  same  animals. 

In  respect  to  the  condition  in  which  these  jaws  occur,  there  is  a 
dose  eoixespondence  with  tiie  American  Ibims.  They  are  oomposed 
of  the  same  brittle  ohitinons  material,  and  when  nnweathered  they 
hare  the  same  glossy  black  lustre.  Unfortunately,  also,  they  baye 
been  similarly  (U  tachcd  from  their  natural  positions  and  indivi- 
dually scattered  in  the  muddy  sediments,  so  that  there  is  the  same 
difficulty  about  their  satisfactory  classification.  In  addition  to  the 
minute  bodies  which  can  be  detiuitely  determiued  to  be  portions  of 
the  moatii-ai^aratiis  of  Annalidii,  tbere  are  on  some  of  tlie  rock- 
snr&oes  nvmerons  minute,  dark,  chitinons  fragments,  of  no  definite 
shape,  which  are  not  improbably  portions  of  the  skin  of  the  same 
animals.  Similar  fragments  are  dso  present  in  some  of  tho  Ame- 
rican rocks ;  and  if  they  are  rightly  reftTred  to  tho  homy  integument 
of  these  Worms,  these  animals  must  have  possessed  a  s^reator  amoniit 
of  chitin  in  their  bidns  than  their  modern  congeners,  whose  body- 
oovering  is  of  snish  a  deUeate  oharaoter  as  to  render  it  yery  nnlikely 
to  leave  any  traoes  in  the  fossil  state.  Judging  fhmi  the  quantity 
of  these  fragments,  and  the  number  of  the  jaws,  the  Errant  Annelids 
must  haye  been  yery  abundant,  at  least  locally,  in  the  Silurian 
period. 

"Whilst  there  is  a  similarly  great  variety  of  fo,-)ii  in  the  English 
fossil  jaws,  there  is  no  striking  difference  from  those  ^dready  described 
from  Amffliea,  but,  on  the  eontraiy ,  a  most  remarkable  resemblanee, 
considering  the  grsat  distanoe  whieh  intervenes  between  the  re- 
spectiye  lo^dities  whence  they  come.  Equally  remarkable,  as  proying 
the  persistency  of  form  and  wide  dispersion  of  these  animals,  is  the 
fact  that  whilst  some  forms  arc  common  to  the  relatively  equivalent 
Clinton  and  Xiairara  rocks  of  Canada,  an  ctjual  nuniber  of  these 
jaws  are  ideulical  with  those  from  tho  older  Cincinnati  group  of 
America,  a  formation  generally  regarded  as  the  equivalent  of  the 
Bala  of  this  eountry.  £yen  in  the  jaws  wbieh  I  regard  as  distinot 
fhmi  the  Am< 'rican  forms,  it  will  bo  seen,  on  comparing  the  ap- 
pended description  and  figures  with  those  of  tho  former  paper  on  tho 
subject,  tlmt  tho  variations  are  but  small  in  amount,  and  |)rinri])ally 
depend  on  minor  differences  of  form.  As  a  rule,  the  diiiu'iiMious  of 
the  jaws,  even  of  those  of  the  same  species,  are  less  than  in  the 
American  examples,  the  largest  English  specimen  met  with  not  ex- 
ceeding 2\  lines  in  length,  wbUst  some  of  the  American  farms  are 
3^  lines  lonf^. 

In  doBBifying  these  jaws  I  have  adopted  the  same  grouping  as  in 

my  former  paper,  not,  however,  without  being  thoroughly  conscious 
of  its  tentative  charactor,  as  serving  for  palseontological  rofercnco 

Q.  J.  G.  a  Ho.  143.  2  0 
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rather  than  as  presenting  exact  zooloirical  arr;inj;cmcnt.  Indepen- 
dently of  the  (lifficulties  arising  from  llio  detached  jtositions  of  the 
particular  jaws  which  compose  the  mouth-apparatus  of  the  same 
animal,  it  would  api)ear,  if  wemay  judgo  from  tiieir  great  vaiiatloiis 
in  existing  Annelids,  that  these  organs  are  very  insufficient  for  a  basis 
of  classifloation.  On  this  point  M.  ClaparMe,  one  of  the  greatest 
authorities  on  recent  Annelids,  makes  the  following  remarks  • : — "  If 
it  is  ])ossible  to  make  use  of  the  jaws  in  a  certuin  measure  as  cha- 
racteristic of  the  tribal  divisions,  on  the  other  hand  their  employ- 
ment appears  impossible,  or  at  least  very  diiUcult,  for  the  Umitatiou 
of  the  genera;  and  I  aeknowledga  that  this  fact  sniprises  me.  On 
one  hand  very  different  jaws  are  met  with  in  the  same  genns ;  on  tiio 
other,  identical  jaws  are  frequent  in  different  genera." 

Ah  there  is  every  indication  that  the  Silurian  Annelids  possessed 
the  same  variations  in  their  mouth-aj^paratus  which  thus  charac- 
terizes the  living  memliers  of  the  same  order,  it  will  l)e  seen  that, 
in  the  absence  of  other  recoguizable  structures,  much  uncertainty 
must  inevitably  attend  tho  arrangement  of  these  ibssil  jaws  nnder 
different  gen^e  divisions. 

In  addition  to  giving  descriptions  of  new  forms,  I  have  deemed  it 
useful  to  make  brief  references  to  show  whioh  have  been  already 
described  from  the  American  rooks. 


ANNELIDA  POLYCH^A. 

UenuB  £uKicii£8,  Ehlers. 

Eumcams  m&job,  Hinde. 

EunkUit  major,  Hinde,  Quart.  Joum.  Geol.  Soo.  voL  zzxv. 
plate  zviii.  fig.  1. 

The  only  English  specimen  of  this  species  met  with  is  less  trun- 
cate posteriorly,  has  moro  acute  denticles,  and  is  smaller  than  the 
generality  of  the  typical  forms  from  ^  Cincinnati  grov^.  Its 

length  is  1 J  line,  width  |  line. 

Locality  and  formation.   Wren's  nest,  Dudley:  Wenlock  group. 

JSuHiciiBB  cuKTua,  Hindc.   (PI.  XIV.  fig.  1.) 

Jaw  consisting  of  an  oblong  compressed  plate,  widest  in  the  an- 
terior portion,  the  ])osterior  end  tnincate,  the  base  nearly  straight; 
on  the  ui)p(T  mnrijin  a  series  of  twelve  denticles,  the  first  six  of  which 
are  subeipial,  blunted,  aud  nearly  uprii^lit,  and  the  others  pointed 
and  directed  backwards.  Length  1  line,  widtii  |  line.  This  form 
is  allied  to  S.  varians,  ChinneU,  sp.,  but  is  shorter,  more  eompressed, 
and  with  fewer  denticles. 

Im,  and  form.  Much  Wenlock :  Wenlock  group. 

*  AnaeiidMOh6topodflsdttQol£Bde2isplti,p.84. 
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EuxiciTES  VAKiANs,  Griniiell,  pp. 

Nerfidavtis  varianSf  GriunGU,  Americaa  Journal  of  Soienoe,  Sept. 
1877,  p.  22^. 

Amiei'lM  variam^  HSndo,  Quart.  Jmxnu  QeoL  8oo.  toL  xzxr. 
p.  375,  pi.  xriiL  figs.  2»  8, 6. 

The  examples  of  this  species  oorrespond  with  the  American  forms 

in  almost  every  respect,  save  that  they  are  of  much  smnller  sice. 
The  jaw  is  nearly  straight ;  the  anterior  portion  is  slightly  convex 
and  incurvefl,  and  the  posterior  end  bhmted.  On  the  upper  margin 
there  arc  Irom  ten  to  cis^hteen  teeth,  of  which  the  first  three  or  four 
are  nearly  upright  and  rounded,  and  the  others  more  or  loss  acute 
and  directed  backwards.  In  some  of  the  specimens  there  aie  indi- 
catioDB  of  a  small  rod  or  support  attached  to  the  inner  ddo  of  tlie 
anterior  portion  of  the  jaw,  of  a  similar  character  to  the  flangelfto 
base  occurring  in  the  genus  LwnbriconereiUt.  The  speoimmB  rary 
from  J  lino  to  1  line  in  length. 

Loe,  and  form.    Wren's  Nest,  Dudley:  "Wenlock  group. 

EuNioiTBB  CLDiToirBNBis,  Hlude. 

EuniciUt  eUntonerais^  Hinde,  Qnarti  Jaam,  GeoL  fioe.  toL  zzkr. 
p.  381,  pi.  xix.  fig.  21. 

Less  difference  exists  between  the  forms  of  this  species  and  E.  va- 
riam  than  in  the  Canadian  examples  of  the  two  species.  In 
E.  clintonemis,  however,  the  nntorior  portion  is  more  elevated  and 
the  denticles  are  more  uniform  Uiau  in  E.  variant.  There  is  a  great 
resemblanee  also  between  this  spedes  and  LuimlniD(m$reiie$  ba^^ 
mUb,  H.  ;  but  this  latter  bas  a  wide  basal  flange  sapporting  tlie 
ridge  whicb  carries  the  denticles.  This  flange  is  not  always  ex- 
posed to  view ;  and  it  is  probable  that  ^ome  at  least  of  the  examples 
referred  to  E.  cUntonensis  may  really  possess  the  dange  which  is 
distinctive  of  tlie  genus  Lnmhricoiurn  ites. 

The  average  length  of  the  specimens  is  1  line. 

Zoc.  dndfwm,  Muo^  Wanloek;  Wren's  Nest,  IhuQej:  Wenloek 
group. 

ElTNICITBS  COROWATUS,  Hilldc. 

Eunicites  corona  tusy  Hinde,  Quart.  Joum.  GeoL  Soc.  vol,  xzxv. 
p.  381,  pi.  XX.  fig.  9. 

The  examples  of  this  form  are  somewhat  smaller,  less  convex^ 
and  with  two  or  three  more  dentkdes  than  the  liarais  from  the  Clin- 
ton rooks  of  Osnada.  They  dosdy  resemble  tiie  '*  paragnaths"  in 
the  recent  genps  Eunice.    Length  ^  line,  depth  4  line  nearly. 

Loc  and  form.  Wren's  Nest,  Dudley :  WenloOL  gnmp. 

"Eumam  cmnomwFHVs,  Binde,  tbt.  minor.  (11 XIV.  fig.  10.) 

Jaw  triangular,  strongly  oonToz,  the  sides  genUy  curved,  on  the 
npper  margin  six  upright  blnnted  teeth.  Length  of  upper  edge 
I  line,  depth  f  line  nearly.  This  variety  is  much  smalleTi  less  ex- 
tended, and  with  fewer  denticles  than  E.  cliiromorphm. 

Loo*  and  form*  Wren's  Kest,  Dudley;  Wenlock  group. 

2c2 
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BUIIICITSS  TJ56D1CULTT8,  Hinde.    (PI.  XIV.  flg.  11.) 

Jaw  somevvhut  scmioTal,  flattened,  or  slightly  concave;  tiie  baae 
straight,  with  a  small  obliqae  projecfdon  at  the  anterior  end ;  an 
arched  npper  margin,  mth  niae  dentides,  of  which  the  two  largest 
arc  slightly  incunred.  Length  j  line,  ileptii  ^  line.  This  SnaOt 
like  the  two  preceding,  appears  to  liavc  been  one  of  the  "paift- 
gnaths,"  or  small  anterior  jaw-plates  of  the  animal. 

Loc.  ami  form.    Wren's  Nest,  Dudley :  Wculock  group. 

Genus  (E  xojJiiEs,  Hiiide,  18/9, 
OSkoitites  regulakis,  Hinde.   (PL  XIV.  fig.  2.) 

Jaw  suhtriangTilar,  compressed,  with  a  Blightly  projecting  knob- 
like elevation  at  the  ancrle  in  the  centre  of  the  base,  a  prominent 
curved  hook  at  the  anterior  end,  the  upper  margin  straight  and 
carrying  a  series  of  thirteen  teetii.  Length  1  line,  width  ^  line. 
This  fonn  is  allied  to  <E,  eunetUus^  II.,  firom  the  Cineinnati  gionp, 
hut  difbrs  in  its  more  triangular  outline,  tiie  elevation  at  the  hasal 
angle,  and  its  laiger  size. 

Lac  and  form.  Wren's  Nest,  Dudley :  Wenlook  gnmp. 

CEirOHiiBB  vAvmsMiB,  Hinde.  (PL  XTV.  fig.  3.) 

Jaw  oblong,  compressed,  the  basal  maigin  curved  and  having  a 
small  noteh  in  the  centre,  the  posterior  end  truncate ;  the  anterior 
tooth  bent  slightly  out  of  plane  with  the  plate  of  the  jaw ;  on  the 
nearly  straight  upper  margin  are  ten  blunted  dentiolee.  Length 

I  lino. 

This  form  is  closely  related  to  (E.  oriipha^,  II,,  from  the  Clinton 
group  of  Canada,  from  which  it  is  distinguished  by  the  uniform 
series  of  teeth  and  the  notched  base. 

Loe.  and  form,   Wrea'a  Kest,  Dudley:  Wenlock  group. 

CK.VONITES  CUNEATUS,  Ilindc. 

(Enonites  cuaeatus,  Hinde,  Quart.  Joum.'  GeoL  Soc.  vol.  xxxv. 
pp.  377,  381,  pi.  xviii.  fijr.  11. 

The  English  examples  of  this  form,  with  the  exception  of  a  slight 
difference  in  the  eurvatnro  of  the  anterior  hook  and  a  less  number 
of  the  minute  dentides,  are  identical  with  those  from  tiie  Cincinnati 
and  Clinton  formations  of  America.  The  specimens  do  not  exceed 
half  a  line  in  length. 

Loe,  ami  form.  Iron  Bridge,  Shropshire ;  Wenlock  group. 

(EiroinxBS  cmntATus,  Hinde,  yar.'HxniiLiB.  (PL  XIY.  fig.  6.) 

Jaw  semioval,  compressed,  with  a  delicate  anterior  hook,  slightly 

bent  outwards,  and  on  the  nearly  straip^ht  upper  maigin  of  the  jaw 

II  subequal  denticles.  The  variety  differs  from  the  typical  (E.cv- 
lu'fttns  in  the  relatively  smaller  anterior  hook,  which  is  followed, 
without  any  interval.  l>y  the  smaller  denticles.    Length  \  line. 

Loc.  and  fonn.  Iron  Uridgc;  Wren's  Is  est,  Dudley;  Wenlock 
group. 
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(EnonUet  tnaqwdtg,  Hinde,  Quart.  Joarn.  GeoL  Sec.  yd.  zzzr. 
p.  376,  pL  zTui.  fig.  8. 

The  anterior  hook  is  of  a  more  blnnted  eharacier,  and  the  den* 
-tildes  are  not  so  prominent  ns  in  the  figured  examples  of  thia  form 

from  the  Cincinnati  group ;  but  in  these  respects  it  closely  a.?rees 
with  the  American  specimens  from  the  Clinton  group,  which  1  have 
relerred  to  the  same  species.    I/Cngth  1|  line,  width  ^  iiue. 
Loc,  andfomi.  Ludlow :  Upper  Ludlow  formation. 

QBiroRiziB  PKa&ounra,  Hinde.  (PL  XIY.  fig.  4.) 

Jkw  elongated,  narrow ;  the  anterior  portion  wideat,  and  strongly 
oorved  inirards,  the  poateiior  extremity  ohiiqnely  blnnted;  &e 
anterior  tooth  incurved,  followed  by  a  scries  of  aoately  pointed  teeth, 
about  thirteen  in  number.    Length  |  line. 

This  form  is  tdlied  to  (E.  nvrtjuMin,  but  may  readily  bo  distin- 
guished therefrom  by  the  incurvature  of  tbe  primary  tooth  and  the 
acutely  pointed  character  of  the  smaller  denticles. 

£oe.  and  form,  Mndi  Wenloek :  Wenltx^  group. 

(BiroHiiB  miannoAin,  Hinde.  (PL  XIY.  fig.  5.) 

Jaw  narrow,  elongated,  of  nearly  equal  width  thronghont,  alig^tly 

bent  towards  ihe  posterior  end;  in  front  a  single  jjroniincnt  tooth, 
followed  immediately  by  six  extremely  minute  denticles,  which 
spring  from  the  anterior  third  of  the  upper  margin,  the  remaining 
portion  not  showing  any  denticles.  A  slightly  elevated  ridge  borders 
the  basal  margin.  Length  j  line. 
Loe,  mi  tirm,  Ludlow:  Upper  Ludlow  group. 

(EironxiB  aikibsus,  ffinde.  (PL  XIY.  figs.  7  ft  8.) 

JawB  eompoaed  of  an  elongated,  oompresaed  or  s^i^tiy  eonoave 

plate,  either  rounded  or  truncate  at  tbe  posterior  eztronity,  having  in 
front  a  stout  single  hook,  either  in  the  same  plane  with  or  oblique  to 
the  main  portion  of  the  jaw :  the  upper  marpn  nearly  straight,  in 
some  instances  apparently  smooth,  in  others  provided  with  minute 
crcnulations  or  very  numerous  small  denticles.  There  is  considerable 
wiation  in  the  difiSnent  ezamplaB  of  this  abundant  form ;  hat  they 
all  appear  to  belong  to  the  same  speoiea.  One  of  the  lazgert  sped- 
mens  has  a  lengtii  of  one  line,  and  is  abont  |  line  in  widiUi,  whilst 
the  smaller  forms  are  about  half  this  ui^e. 

Loc.  and  form.  Much  Wenlock  ;  "Wren's  Xcst,  Dudley:  Wenlock 
Group.   Ludlow ;  Stoke  Edith :  Upper  Ludlow. 

(EiroinTES  tubulatus,  Hinde.    (PI.  XIV.  fig.  9.) 

Jaw  narrow,  elongated  and  subeylindrical,  basal  margin  undu' 
latcd;  the  posterior  extremity  apparently  truncate;  anteriorly  a 
relatiTdy  stout  obUqucly  curved  hook,  and  on  the  upper  margin  a 
row  of  minute  denticles  or  crenulations.  Length  \\  line. 


Digitized  by  Google 


874       7.  Hzn»  oir  unnam  mwi  hom  m  wdlock  ahd 


This  RpcoioB,  in  its  elongated  tubular  form,  differs  considerably 
from  any  other  form  of  these  jaws.  It  appears  to  be  rare,  as  I  have 
found  only  a  single  epocimen. 

Loe,  asiifmn.  Wien's  N«st,  Dudley:  Wenlock  group. 

OcnuB  AjujBBSSOBt  Hinde,  1879. 

Arabellithi  cjOBinjTUs,  Hinde. 

Arnht  lUtes  comutu9y  Hinde,  Quart.  Joum.  Geol.  Soc  vol.  xzxv. 
p.  1^77 y  plate  xviii.  figs.  13, 14,  15. 

This  beautiful  form  occurs  equally  well  preserved  in  the  Silu- 
rian rocks  of  England  as  In  tiie  Ountm-riliiinii  of  Canada.  The 
only  Tariations  that  can  be  nottoed  are  that  the  anterior  hoc^  is  re- 
lativoly  more  robust,  and  the  smaller  denticles  «ie  more  aentely 
pomted  and  slij^hlly  furtlier  apart  from  each  other.  There  is  moie 
uniformity  in  tho  dimensions  of  the  English  Bpecimons.  which  average 
^\  lino  in  lenj^lh  and  ^  line  in  width  ;  there  an-  ;il)out  14  of  the 
smaller  denticles,  the  last  three  being  extremely  minute.  It  is  an 
interesting  fact  that  these  Wenlock  specimens  are  identical  with  the 
fonns  from  the  relatively  older  strata  of  the  Ginoinnati  group  of 
Canada ;  whilst  the  allied  apedes  JL  degmu,  from  tho  contemporane- 
ous or  homotaxial  Clinton  gnmp,  doet  not  i^pear  to  be  represented  in 

the  Wenlock  strata. 
Loo,  and  form.  Much  Wenlock :  Wenlock  group. 

Ababkllites  vxtbrsfs,  Hinde.   (Pi.  Xiv.  fig.  12.) 

The  main  portion  of  the  jaw  formed  of  a  relatively  thick,  some- 
what oonflave  jdate  wiili  a  prondnent  knneUe-shaped  poeterior  ez- 
tremily ;  the  basal  maigin  is  oorved,  with  a  atont  aharp-pointed  an- 
terior hook  oblique  to  the  main  portion;  the  upper  margin  is  prolonged 
backwards  to  form  an  extended  arm  on  which  tlu  re  is  a  series  of 
recurved  denticles.  The  number  of  denticles  altogether  on  the 
upper  margin  is  about  15.    Length  1|  lino;  width  |  line. 

The  tooth-bearing  extension  renders  this  species  very  distinct 
from  any  of  the  praoeding.  A  form  oloaely  allied  to»  if  not  identical 
wi^  the  present  speciea  also  oeonn  in  the  Ginoinnati  group  at 
Toronto ;  but  tho  only  example  I  have  of  it  ia  not  aufBciBntily  perfect 
to  allow  of  description. 

£o«.  and  form.  Much  Wenlock ;  Iron  Bridges  Wenlodk  gnmp. 

Akahellitf-s  BricATFS,  Hinde.    (PI.  XIV.  fig.  13.) 

Main  ])(>rtioTi  of  jaw  suhrhomboidal  in  form  and  ooncnve,  with  an 
elongated  anterior  hook,  the  extremity  of  which  is  wanting  in  tho 
81)ccimen  :  the  posterior  extremity  is  hollowed  out,  and  has  an  ele- 
vated .s[)ike-liko  projection  at  the  comer  of  the  base ;  the  upper 
margin  is  nearly  straight  and  extended  ba«  1<a\  nls  bryonrl  the  main 
portion  of  the  jaw  ;  tliero  are  about  10  small  denticles.  The  reverse 
or  inner  side  of  the  jaw  shows  a  deep  groove  beneath  the  anterior 
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margm,  which  extonda  to  the  cavity  passing  just  below  the  upper 
hook.   Length  1^  line;  width  nearly  ^  line. 

This  foxm  Ib  allied  to  the  preceding,  ^.  «jr<Mifiii,biit  difSm  in  the 
ipiko  at  the  comer  of  the  base,  the  hn  ezteiiBum  of  tha  upper 
maigin,  and  the  fbwer  dentides. 

AiUBELLITF.B  Sl'ICATUS,  VOI.  CONTRACTUS.      (Tl.  XIV.  figS.  14  &  15.) 

Jaw  obloiip;,  convex,  with  a  relatively  elongated  anterior  hook, 
not  in  the  same  plane  with  the  anterior  portion  of  the  jaw,  but 
obliquely  curved  (the  point  of  the  hook  is  wanting  in  the  specimen) ; 
the  posterior  extremity  is  obliquely  tnmcate  $  thefe  are  from  7  to 
10  small  denticles  on  a  slightly  elevated  ridge,  which  extends  in  an 
oblique  direction  below  the  upper  ridge  of  the  jaw.  On  the  reverse 
or  inner  side  there  is  a  deep  jc^oovo  traversing  the  jaw  subcentrjilly, 
and  extending  to  the  oval  aperture  of  the  cavity  below  the  hook. 
Length  1  line. 

Tida  ▼ariety  differs  from  A.  gpicatus  in  wanting  the  extenncn  of 
the  upper  margin,  and  in  the  dmerent  position  and  smaller  number 
^the  dentidea. 

Loe,  and  firm.  Hnch  Wenlock :  Wenlock  group. 

Arabellites  sulcattts,  Hinde. 

Ghfcerites  sulcata,  Hinde,  Quart.  Journ.  GeoL  Soc.  voL  xxzv, 

p.  380,  pi.  xix.  fig.  1. 

The  specimens  in  the  Cincinnati  group,  from  which  I  described 
this  species,  presented  only  the  reverse  or  inner  side  of  the  jaw,  and 
led  me  to  suppose  that  it  oonsisted  merely  of  a  simple  curved  hook 
similar  to  that  present  in  the  flxiiiting  genus  Gflyoera.  I  have  now, 
however,  been  able  to  extract  some  of  tfaeae  jaws  quite  free  firom 
the  rock  matrix,  nnd  find  that  they  possess  on  the  front  or  outer 
surface  a  row  of  minute  denticles,  which  would  indicate  that  t  hey 
more  closely  approach  the  genus  Arahellit^s  :  and  I  therefore  pro- 
pose to  place  them  under  the  latter  genus.  Examples  of  this  form 
quite  undistinguishable  from  specimens  from  the  Cincinnati  group 
are  by  no  means  unfrequent  in  the  English  Silurian. 

Loe.  and  form.  Much  Wenlock;  Wren's  Nest,  Dudley:  Wenlock 
group.   Ludlow :  Upper  Ludlow  group. 

AUAI1KLLITF,>  OinrSFJ^,  Jlliuli'.     (PI.  XTV.  fig.  10.) 

Jaw  subtrianiTiilar,  compressed,  the  base  straight,  with  a  short 
blunted  extension  below ;  the  anterior  tooth  curved,  followed  by  a 
series  of  five  blunted  denticles.  Length  \  line. 

This  small  form  appears  to  be  allied  to  A,  crenulatm,  from  the 
Cincinnati  gionp,  from  which  it  diflers  in  the  fonn  and  number  of 
its  denticles  as  well  as  in  its  smaller  proportions. 

Loe,  and  farm.  Much  Wenlock :  Wenlock  group. 

Ababtouteb  AiroLicTTs,  Hinde.  (PI.  XTV.  fig.  17.) 

Jaw  somewhat  cresccntiform,  compressed,  the  anterior  border  ox- 
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tciidinp:  oblicjuely  downwnrrls  to  form  a  rod-like  prolongation,  the 
posterior  end  truncate,  a  relatively  stout  cur\'ed  anterior  hook  sepa- 
rated by  an  interval  from  the  8  blunted  nearly  upright  denticles  on 
the  slightly  arched  vpper  margin  of  the  jaw.  Length  1  line ;  iridth. 
I  line.  Abundant. 

This  Ibm  of  jaw  is  of  the  same  typo  as  A.  htnatus,  H.,  but  differs 
in  the  projecting  anterior  hook,  the  truncated  extremity,  and  the 
fewer  denticles. 

/joc.  and  /omi.  ^ruch  Wenlock ;  Iron  Bridge:  Wonlock  group, 
Ludlow ;  Stoke  Edith :  Upj)€r  Ludlow  group. 

ABABEijjns  snoLis,  Hinde. 

Arahellites  sijniHs,  Hinde,  Quart  Jooni.  GeoL  See,  vol.  xzzv 
pp.382,  384,  pL  XX.  fig.  8. 

Examples  of  this  form,  though  not  unfre(|iicnl,  arc  in  ;i  i)oor  state 
of  i)rcserv;ition  :  so  that  it  is  difficult  to  determine  whether  they  pro- 
j)crly  belong  to  this  or  the  allied  form  A.  cristatn.^.  Whilst  some 
are  undoubtedly  identical  with  A.  «'ww7t«,  there  arc  certain  speci- 
mens whioh  in  their  dimentdons  and  the  fonn  of  the  denticles  appear 
to  be  intermediate  between  A.  stmilit  and  A.  criaUtivtt, 

Loc.  and  form.  Much  Wenlock:  Wenloek  group.  Ludlow; 
iStoke  Edith:  Upper  Ludlow  group. 

Genus  Lualukicokereiies,  Ehlers,  18ti8. 

LuiCBftlOONEBEITSS  BASAUB,  Hindo. 

Lumhriconernte^  lasalisy  ninde,  Quart.  Joum.  GeoL  8oe.  toL 
XXXV.  p.  '6m,  plate  xix.  fig.  22. 

The  English  examples  of  this  species  do  not  possess  the  stout 
anterior  tooth,  and  are  of  smaller  dimensions  than  the  Canadian 
forms:  but  in  their  general  tii^iirc.  iiiunber  of  deiititlt*,  and  di- 
stinctive llange  they  are  similar.    Average  length  i  line. 

Loe.  and  form,  Hudi  Wenloek ;  Wren's  Neat^  Dudley :  Wenlock 
group. 

Genus  BuvnocKBHALOEB^  Hinde,  1879. 

SiAUBOOBPSAUTK  OKBiutk,  Hinde.   (Fl.  XIV.  figs.  18-20.) 

Jaw  elongated,  compressed,  in  some  instances  having  the  anterior 
border  slightly  ineorved ;  generally,  however,  the  jaw-plate  is  flattened 
and  in  diape  like  the  blade  of  a  common  hand-saw ;  the  posterior 

end  narrowed  and  slightly  truncate ;  on  the  upper  margin  a  series 
of  from  If)  t(»  17  denticles,  gradually  diminishing  in  size  towards  the 
posterior  end.  The  denticles  are  of  very  varying  forms  in  ditferent 
examples — either  short  and  rounded,  triangular  and  pointed,  or 
needle-shaped  ;  and  they  iirc  either  upright  or  directed  backwards. 
In  tibe  majority  <^  examples  the  anterior  tootb  is  but  slightly  larger 
than  the  next  following  it  in  the  series ;  but  oocasionaliy  it  is  more 
prominent,  yet  similar  in  form  and  direction  to  the  ot&ers  in  the 
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samo  jaw.  There  is  a  ^oat  Taricty  in  the  size  of  different  examples, 
the  smallest  being  only  |  line  in  length,  while  the  largest  is  lines 
long  and  |-  line  wide. 

Thk  formnipproaehes  Tory  olosely  to  tho  S,  niagarami,  H.,  from 
the  Niagara  formation  of  Canada;  but  it  is  leas  iucorved,  and  gene- 
rally a  wider  and  laiger  speelet.  It  is  the  most  abundant  of  any 
of  the  Annelid  jaws,  and  ocmrs  in  all  tho  localities  of  the  Wenlook 
formation  in  very  excellent  presci'vation. 

Lnr.  (ind  form.  Mueh  Wenlock ;  Iron  Bridge;  Wren's  Nest, 
Dudley :  \\'enlock  group. 

Genus  Nbrmdayus,  GrinucU^  1877. 

NebsdjiTUb  Amainra^  Hinde.  (PI.  XIY.  fig.  21.) 

Jaw  elongated,  widest  at  the  posterior  extremity  and  gradnaUy 

tapering  to  the  anterior  obliquely  projecting  hook :  the  central  por- 
tion slightly  concave  j  tho  basal  margin  curved  ;  the  nearly  straight 
upper  margin  carries  numerous  minute  crenulations.  Tho  reverse 
or  under  surface  gently  convex,  and  noar  the  posterior  end  an  oval 
aperture.  Length  1  line  ;  greatest  width  4  line. 
Loc.  and  form.  Iron  Bridge,  Salop :  Wenlook  group. 

Summary, 

Of  the  27  fonns  mentioned  in  this  paper,  21  are  found  only  in  the 
Wenlock  group ;  4  are  common  to  the  Wenlock  and  Ludlow,  and 
2  are  restrirtod  to  the  Ludlow  group.  There  are  in  the  Wenlock 
strata  8  forms  which  have  already  been  descrilM'd  from  the  Ameri- 
can rocks ;  of  these,  2  are  met  with  in  the  Cincinnati  and  Clinton 
groups  as  well  as  the  Wenlock,  3  appear  in  the  Cincinnati  and 
Wenlook  and  are  absent  £rom  tiie  Clinton,  and  3  are  present  in  the 
Clinton  and  Wenlock  and  not  in  the  Cindnnati  group.  Two  of  the 
forms  from  the  Ludlow  group  are  also  present  in  tho  American 
rocks  ;  one  of  these  is  present  in  both  the  Cincinnati  and  Clinton,  the 
other  in  the  Cincinnati  group  only.  The  close  relationship  of  these 
Annelid  remains  in  such  widely  separated  localities  is  not  only  shown 
by  the  number  of  tho  forms  which  arc  identical,  but  also  by  the 
▼ery  general  resemUanoe  which  exists  in  those  forms  whicb  are 
hero  provisionally  described  as  new. 


BXPLAKATION  OF  PLATE  XIV. 

Fooil  Annelid  Jam  from  the  Wenlook  and  Lndloir  FornuticMM. 

¥ig.  1.  EunicUeteurtus,  H. :  X  12.    Much  WenlocL 
2.  €BnoiiiUnrtffularu,B.  :  x  12.  Dudley. 

8.  nnviformu,  H. :  X  12.  Dudley. 

4.  — —  preeacu/us,  H. :  x  lii.   Much  Wenlock. 

&  i$uign\ficans,  H. :  X  16.  Ludlow. 

6.  cmmOm,  tst.  knmUni  X  18.  Iran  Bridge  8Uop. 
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Fig.  7.  (Enonites  atpermu,  H. :  X  12.   Stoke  Edith. 

8.  :  X  12.    Much  Wcnlock. 

9.   iuhidafm,  U. :  X  10.  Dudler. 

10.   chiroTjwrphus,  Tar.  minor,    x  16.  Dudley. 

11.  ttn^PttMulK^  H. :  X  16.  Dudley. 

12.  AraheUites  extenma,  H. :  x  10.    Iron  Bridge,  Salop. 

13.  spicaiutt  H. :  X  12.  Much  Wenlock. 

14^  15.  ->->--  qMM^Tar.  eofifraeAw:  X  12.  Fig.  14  rrorewnti  the  upoer 
or  nut  or.  Vxg.  15  the  under  or  innde  of  thie  ^eoiee:  xlSL 
Much  Wenlock. 

16.  — —  ettmiu,  H. :  X  12.   Much  Wenlook. 

17.   an^licvs,  "S.    X  12.    Much  Wonlock. 

18-20.  Staurocrp/iafiOs  serrulu,  II.  Three  ditrcront  PTnmplo«  of  Miis 
speciee.  Fig.  18.  x  10;  fig.  19,  x  8,  niul  fig.  20,  X  20.  All 
from  Dndlflsy. 

21.  2hnidmiuaiUismii,a,:  x  12.  Iron  Bridge,  Salop. 
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x20.  X12.  <8. 
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8.  The  Clibbipication  of  the  Tkrttart  Pkiitod  hj  means  of  the  Mam- 
malia. By  W.  BoTD  Dawkins,  M.A.,  F.ll.S.,  F.G.8,,  ProleBBor 
of  Geology  i&  Owens  College.   (Bead  Apiil  14»  l^*) 

1.  Infcrodudion. 

2.  The  Value  of  InTertebFatea  and  Vertebrates  iu  Claaiifioation. 
8.  Thft  Fkinciple  of  CQsMifieHtioa. 

4.  The  Booene  Mammalia  of  Britain  and  France. 

6.  Oharacteristic  Forms  of  the  Three  Bocene  Diviaioiiu. 

B.  The  Miocene  Mammalia. 

7.  The  Lower-Miocene  Mammalia  of  Franoe. 

8.  The  Characteristic  Lower-Miocciu'  Forma. 

9.  The  Mid- Miocene  Mammalia  ol  France. 

10.  The  Gharacterifltio  Hid-Hiooene  Forms. 

11.  The  U|)}>er-Miooono  ">rammn!in. 

12.  The  Charaoteristic  Upper-Miooeae  Forme 
18.  Hie  Ijowier-FIiooeiie  Mammalia  of  France. 

•    14.  Tlie  Uppcr-Flioceno  Mammalia  of  Franco  and  Italy. 
15.  The  Characteristic  Upper-Plioccno  Forms. 
10.  The  Development  of  Antlers  in  the  JDoer. 

17.  Tho  Pleistocene  Mammalia. 

18.  The  Early  Pleistocene  Mammals  of  Britain. 

19.  The  Moeuitude  of  the  Break  between  the  Plio-  and  Pleistocene  Periods. 

20.  The  Mid-Pleistocene  Mammali*  of  Britain. 

21.  The  Late  Plei?tocene  Mammalia  of  Britain. 

22.  The  Pnlufltoric  Mammalia  of  the  British  Isles. 
28.  The  Ohonotnrisfcio  Forms. 

24.  The  Hbtoric  IMammalia  of  the  British  Isles. 

25.  The  Prehistoric  and  Hiatorio  Divisions  belong  to  the  leitiaiy  Period. 

26.  General  Conclusions. 

1.  ItUroducUon* 

The  classificatioii  of  the  Tertiaiy,  or  the  third  of  the  greet  life- 
periods,  sketohed  in  outline  more  than  fifty  years  ago,  and  since  then 

altered  in  no  important  dc^ce,  seems  to  me  not  to  he  in  hurmony 
with  our  ])roscnt  knowledge ;  and  the  definitions  of  the  series  of 
events  which  took  phice  in  it  have  been  materially  modiiied  by 
recent  discoverioa  in  various  parts  of  the  world.  The  terms 
Eocene,  Mioeene,  and  Fliooene*  no  longer  oxpiees  the  idea  of  per- 
eentagee  of  liNnng  species  on  which  Aej  were  based,  and  Qua- 
ternary,  Post-Tertiaiy,  and  Beoent  are  founded  on  an  a&sumcd  crreat 
break  in  the  life-history  between  the  present  day  and  the  Tertiary 
period,  comparable  to  that  whicli  sejinrates  the  Secondarj'  from  the 
Tertiary  or  the  Primary  periods,  a  break  which  has  been  disproved  by 
more  recent  inquiries.  1\  has  therefore  seemed  to  mo  opportune  to  lay 
before  the  So^ty  the  xesnltB  of  the  investigations  which  I  have 
carried  on  for  some  years  into  these  qnestiona,  and  to  propose  a 
olassifioation  of  the  Tertiary  period  of  Enrope  by  appealing  to  tiie 


«  The  <*lfiooene"  and  Pliooene  "  of  the  text  hare  been  mbiCititted  for  the 
*'  Meiocene  "  and  "  Pleiocene  "  of  tiie  author,  ivfaioh  i^pear  to  him  toagree  better 
nith  thfir  Greek  roots. 
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^lammalia,  b)'  applyinjr  iho  same  method  ])y  which  the  X'leistooene 
and  the  Prehistoric  puriods  huve  already  bceu  dohaed*. 

2.  The  Value  ofltwcrUbmUt  cmd  Vertebrates  in  Clastification. 

The  Eocene,  IGooene,  and  FUooene  diTisionB  of  iiie  Tertiaiy  period 
aie  baaed  upon  the  yaryiDg  percentages  of  Hying  Hollusca  in  a  com- 
parison of  three  thousand  fossil  with  five  thousand  livinj;  forms  ;  :iiid 
the  term  Pleistocene  t  was  suhsequcntly  invented  to  imply  a  nearer 
approximntion  to  existing  nature.  Since  that  time  the  number  of 
living  Mollusca  in  the  various  groups  has  been  materially  altered  by 
a  wider  area  of  obeemtion,  and  it  has  been  loond  impossible  to  nuq^ 
off  file  Pleistocene  from  the  Pliocene  on  the  one  hand,  and  from,  the 
Prehistoric  on  the  other,  by  their  means,  since  by  far  the  larger 
majority  of  the  Mollusca  now  linng  in  our  seas  date  from  the  Pli- 
ocene age.  In  other  words,  the  Mollusca  have  not  changed  with 
sufficient  swiftness  to  allow  of  their  being  used  to  classLfj-  the  later 
Tertiary  divisions.  2vor  have  the  invertebrate  faunas  of  Europe 
generally^  changed  fast  enon^  to  maik  the  later  Tertiaiy  divisions. 
They  aniyed  at  their  eqnilii^nm  towards  the  dose  of  the  Secondary 
period.  The  lower  vertebrates  also  had  passed  through  their  most 
important  biological  changes  before  the  beginning  of  the  Tertiary, 
and  in  the  Eocene  acre  we  find  ourselves  confronted  by  fishes,  am- 
])hibians,  and  rei)tiles  belonging,  for  the  most  i)art,  to  living  genera, 
it  is  only  when  we  appeal  to  tJie  highest  of  all,  the  Placeutal  Mam- 
malia, that  we  are  aide  to  note  specific  changes  which  are  sufficiently 
rapid  for  the  purposes  of  classification.  They  appear  in  the  Eocene 
age,  as  Prof.  Gandry  happily  terms  it,  "  en  plcine  evolution  and 
were  in  the  same  transitory  condition  throughout  the  grei^er  part 
of  the  Tertiary  that  is  seen  in  the  lower  animals  of  the  Primaiy  and 
Secondary  periods. 

3.  The  Princl^ik  of  Classification. 

The  fossil  Mammalia  of  Europe,  and  (so  far  as  I  am  able  to  judge 

from  the  works  of  ^MmisIi,  Leicly,  and  Cope)  of  America  also,  pre- 
Brnt  stages  of  specialization  which  coincide  with  the  geological 
divibions,  and  enable  us  to  attach  new  definitions  to  the  old  names, 
as  follows : — 

*  Intprnational  Congress  of  Prehistoric  Archa^ologv.    Norwich  volunio. 
t  Lyell. '  PriiiriploH/  1st  edit  iiL  1833 ;  '  AntiquitV  of  Man,'  1st  edit.  p.  3. 
\  Les  Euchoiuementd. 
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VL  Hunttio,  in  ^liich  tlio  oTenfts  are  re- 
corded in  Histotjr. 

ffistofieal  Beooid* 

v.  pREUisTonic,  in  which  domestic  ani- 
mals and  cultiTated  fruiU  appear. 

Man  abundant.    Domestic  ani- 
mals.  CultiTated  fruits. 

ly,  Elbistocene,  in  which  liring  species  of 
Placental  Mammals  are  more  abun- 
dant fhan  the  dstinct 

Man  appears.  living  qpeoiei 

almndant. 

in.  PuocENE,  in  which  living  species  of 
Pkeenial  Mammala  appear. 

Living  species  appear. 

IL  Miocr.N'F.,  in  which  the  alliance  be- 
tween living  and  Placental  Mam* 
mala  is  more  oloee  than  before. 

Liyiug  genera  appear. 

I.  JfiocENE,  in  wmeb  toe  Placental  Mam- 
mals now  on  the  enrth  were  repre- 
sented by  allied  foruitt  belonging  tu 
enating  Oidcn  and  Families. 

laving  Uraars  and  Jfamuies  ap- 
pear. 

Thh  may  be  represented  by  the  foUowing  diagram  :• 


VI.  HISTORIC  «TACC 


V.  PREHISTORIC 


IV.  PLEISTOCENE 


III.  PLIOCENE 


II.  MIOCENE 


I.  lOCINK 


SECONDARY  PERIOD 
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Tho  orders,  families,  genera,  and  species  in  the  above  table,  when 
traced  forward  in  time,  thus  fjill  into  tlie  shape  of  a  gcnoalojrical  tree, 
with  iia  trunk  hidden  in  the  Secondary  period,  and  its  branchlets 
(the  living  species)  passing  uj^waids  from  the  Pliocene— a  tiee  of 
lifiB,  with  hying  mainiimlia  for  its  froifc  and  foliage.  Were  the  ex- 
tinct species  taken  into  account,  it  would  be  seen  that  th^  fill  in. 
tho  intervab  separating  one  living  form  from  another,  and  that  they, 
too,  grow  mori  nnd  more  like  the  living  foims  as  they  approach 
nearer  to  tlie  pic>enl  day. 

It  must  be  remembered  that  in  tho  above  definitions  the  fossil 
marsupials  are  purposely  ignored,  beeaaae  they  began  their  specia- 
lization in  the  Secondary  term,  and  had  arrived  in  the  Eocene  at 
the  stage  which  is  marked  by  the  presence  of  a  living  genus — the 
JHdeljihyB* .  Each  of  tho  above  groups  of  mammalia  will  be  tahen 
separately,  beginning  with  the  Eoeene  period. 

4.  TJie  I'Joa  iie  Mammalia  of  Britain  uiaJ  France. 

The  Mammalia  which  lived  in  Eocene  liritain  and  France  fall 
naturally  into  three  groujjs — ( 1 )  the  Lower  or  Pre-nummuhtic, 
(2)  the  Middle  or  the  Isummulitic,  and  (3)  tho  Upper  or  Post- 
munmulitio.  In  determining  the  British  species  in  the'  accompany- 
ing lists,  I  have  used  the  works  of  Prof.  Owenf,  and  have  to 
acknowledge  the  valnahle  aid  of  Mr.  William  Davies,  of  the  British 
Museum,  in  which  collect  ion,  and  in  tlic  Woodwardian  at  Cam- 
bridge, most  of  the  specimens  are  preserved.  Those  of  France, 
obtained  principally  from  the  works  of  Professors  Gcrvais  and 
Gaudrj-  :j:,have  for  the  most  part  been  checked  by  mo  in  tho  Jardin  des 
Plaates  in  Pails  and  other  Erenoh  ooUeettons. 

4a»  Prmci'pal  Soeene  MammdUa  ofBrUmn,  " 

LOWiiH  EOCENE. 

Makscpialia. 

Didelphys  oolchesleri,  Ow.   Woolwich  aud  loading  beds,  Kywoa, 

UraULASA  PniSaODAOTTUL 

Hyiaootherium  leporiuuni,  Ow.  Woolw  ich  ami  Eoadijig  bedi^  XysoD. 

 ciuiiculus,  Ou\    Woolwich  and  Reading  beds,  Kyton* 

Coryphodon  eoca;mis,  Ow.    London  Claj,  Harwich. 
FUoIophiu  Tulpioeps,  (hh  London  Glay,  Harwieh. 

MID  lOOBNB. 

UllOULATA  FaausoDAomA. 
Lophiodqn  mininwiii,  Ow.  BraoklMham. 

*  =PiralA«r»wn  of  Gorvaii.    In  the  view  in  the  text,  I  am  fidkming 

Oaudrj-. 

t  '  Palicoutoloffj '  and  'Uritish  Fossil  Mamuiuha.' 
X  Qerrais.  *FaX6ontologie  Fnu^idae,*  4to,  1860;  CNmdiy,  *  SurkaXnohilae- 
mniti  du  monds  awmal,'  Qvo,  187& 
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uppbb  booenb. 

Marsupulia. 
Didelphys.  HordmlL 

Oarnitora  (Marsupialia). 
Hysenodon  leptorhjnohiUv  Slainv.  HordwelL 

UvavLATA  FaBiaaoMorfuu 

Anohitliariiiin  radogondenfle,  0«n.  BemWdlge* 

Paleotlierium  ^'r;l^'suln,  Ciiv.  HordwelL 

 ma^nuiu,  Cuv.  Bembridge. 

 medium,  Cuv.  Binstead. 

 minus,  Otb,  Hordwell. 

Paloplotheriiun  vaneUiaM,  Ow,  Hordwell. 

VMmuxA  AmonAORiA  von  BoKDuim. 

Awtiiiraeottieriqm.  HempetMd,  Bonbridge. 
MiorochoDrus  orinnccus,  S.  I'.  Wocyd.  IIorrlwtiL 
ChfBropotamus  UuTieri,  Ow.   lale  of  Wight. 
Jjfyktoaxm  ooBpidatiis,  0»,  HofdwdL 
AnopilotlMriuin  oommviM^  €ko*  Buntaid. 

UXGULATA  AkTIODACTTLA  EuMUIANTIA. 

Dichobune  uvinum,  Ow.  Binatead* 
—  osrvinniii,  0».  BinatauL 

BODE^TIA. 

Iheridomjra. 


4h,  Prindip€ii  Sbetne  MammdUa  of  F^ranee. 
LOViER  £OC£N£=:0ETfi£O0M£,  G«nau,p.a^ 
ICAUumuA  OismvoBA. 

U5GULATA  PKHIdtiODACTYLA. 

Ooryphodon  antbracoideum,  Ow, 

MID  BOOBNSsBOOfeBnB,  G§nau,  p.  397. 

Uhgulata  Perissodacttla. 
Lo^odon,  10  gpedes.  PropalajotheriuiiJ,  2  species. 

Ukoulata  Artiodactyla. 
Anobilophus.  Heterohjru^ 

Umnuf A  AiffionAonnA  BvHuriiim. 
BiahobaM. 
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UPPER  BOCENBasPBOIOib^  G^mwii^  p.  328. 

JCauutulia. 

Didelphyg,  Cut'.=Peratheriiini,  6n0rt.,  5  fpeetea. 
Proviverra  oiiylusi.  Gaudry*. 
Hyaeuodon,  li  species. 
Ptwodon  dttjuroidet,  B&iiRv. 

TTnoulata  Pekissodactyla. 

Anchitherium  (?)  Duiuasii,  Gerv.       PaloploUierium,  2  species. 

 ndci^ondeafe,  Oerv,  LophiodMrium  eemilnin,  Otn»» 

PdaoUmnum,  6  tpeoNi. 

UXOULATA  ABTIOnACTVr.A. 

Anoplotherium  cotuiuune,  Cuv»        Chocropotamua  parbiflBBB,  Cuv. 
BufjttMrium  latipea,  Girv.  OebodNBnn,  2  ipeoiaii 

fxcrLATA  ABnOnACTYLA  RrmXANTlA. 

Amphima>rjx,  2  ppccies.  Cuinothcrium  (Hyicgulaa),  2  speoei. 

Dichubuno  leporiuum,  Cut;.  Xiphodon,  3  speoioa. 

Cabiotoka  (PMabsvpialia). 

Cini;*  (?)  p.iri8icn9is  +  .  Cuv.  Ghlpthylax  Blainvillei.  (ierv. 

Cynodictia  lacuatris,  (Jerv.  ^UkIoh  Hombrc«ii,  Gerv. 

Oyotherium  paruieiue,  Gen,  Amphicyon. 

BoDunriA. 

Flesiarctomjs  Gervaiaii,  Mrav,         Tlieridomy%  2  speoM. 
Sciurufl  foBsIlia,  Out, 

Ohiioptbbi. 
YespertOio  parineiiib|. 

Primatbs,  LniVRiDJt. 

Adapif  pariMensis,  Cuv. 

Adapts  (AplKlotberium)  DaTemoyi,  Gaudry, 

AootheruluDi. 

Ta{»ndiia  hyraoiniit,  Gerv, 

5.  CharacUrisUc  Forms  of  the  Three  fhcene  Divisions. 

The  fow  Lowcr-Koccne  maminals  which  have  been  prcsorTcd  pre- 
Bout  characters  of  j^rc.it  importance.  Not  oiily  are  tlie  marsupials 
rej)resentcd  by  a  living  genus,  /-'/'A //^/<//.s- (( )p()8sum),  but,  as  I'rof. 
Gaudry  has  pointed  out§,  decided  traces  of  u  marsupial  ancestry  uro 
to  be  obBervod  in  tkeArctoeyon  and  the  PaJaometis — the  fonner  being 
allied  to  the  bear  in  its  dental  characters  and  to  the  ICannpials  in 
the  low  organization  of  its  brain,  and  the  latter  in  its  teeth  re- 
sembling the  Tasmanian  Dtisyuro.  They  show  that  at  this  time 
the  Kurojioan  Caruivores  were  intermediate  between  the  Manupials 
and  the  i'lacental  mammals. 

*  TjCh  Encliainemont.s.  c.  1. 

t  Tliis  liocenc  genus  is  too  iiniXTtcct  Lo  be  Batisfuctorily  deijut*d. 
I  This  Eocene  genus  has  not  been  sstisfiwCorily  defned. 
i  Let  Eachatnements. 
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Tko  presence  of  a  living  Marsupial  genus  in  a  fauna  in  whiok 
.Plttoemtal  living  gcnm  m  abseat  Buglit  be  ezpeetod,  sinoo  the 
Manupials  lived  thxaughovt  the  Seoondary  period,  vhile  tbe 
Placental  mammals  only  tupgeai  in  the  Tertiaty.  The  former  tbese- 
I'orc  in  the  Lower-Eocene  age  weie  in  a  more  advanoed  etageof  evo- 
lution than  the  latter. 

The  Tapir-liko  Coriiphodon  is  Avidcly  distributed,  and  marks  tho 
horizon  of  tho  Lower  Eocene,  not  merely  in  France  and  IHtain, 
bnt  in  Bwitaerlaxid  and  Norfli  America.  It  was  pentadactyle,  and 
poflsesaed  a  brain  shown  by  Ptof.  Ifaxsh  to  be  remarkably  smalL  ■ 

The  genus  Lophiodon  aq^ipeaxs  to-  be  ehazacteristac  A  the  ICd- 
Eocene  Mammalia  of  Europe. 

In  the  UpjHir  Eocenes  the  Carnivora  present  the  same  association 
of  Marsupial  with  Placental  characters  which  has  been  observed  in 
the  Lower  Eocenes,  and  have  not  yet  lost  the  traces  of  their  descent 
from  a  long  line  of  Maisi^^  ancestors.  Among  the  European 
Ungolatee  tihie  Falaothere  and  Anoplotiiere  axe  the  two  moetchuao- 
ieristic  forms. 

The  Upper-Eocene  forests  of  Frnncc  were  also  haunted  by  repre- 
sentatives of  the  highest  order  of  ^lammalia,  or  the  Primates,  which 
includes  the  families  of  Man,  the  Ape,  and  the  Ix^mur.  The  Adapis* 
of  the  Paris  basin,  classified  by  Cuvier  with  the  Anoplotheres,  has 
recently  been  proved  to  be  related  to  the  last  of  these,  as  well  as  to 
the  hoofed  qnadrapeds  and  InaectiTOiee.  To  the  same  family  also 
belong  the  Necrolemurfj  diBOOvercd  in  the  south  of  France,  and  the 
CoMopithecusX  of  Kiitimcyer,  found  in  Switzerland.  Tho  family  is 
^Iso  proved  §  by  ^farsh  and  Cope  to  have  inhabited  tlio  forests  of 
North  America  during  the  whole  of  the  Eocene  age  in  New  Mexico, 
AVyoming,  Dakotah,  and  Jvebraska.  None  of  these  are  identical 
with  any  living  genns  of  Lemurs ;  but  all  possess  diaractem  bringing 
them  into  relation  with  one  or  other  of  &e  familieB  of  hoofed  qna- 
drnpeds  living  in  the  Eocene  period. 

6.  The  Miocene  Mammalia, 

The  Miocene  ^fammalia,  represented  in  Britain  \ij  tho  Ilyopo^ 
idflittf,  are  well  defined  by  discoveries  made  in  various  parts  of  the 

*  Gerrais, '  Zool.  et  Pal^ontologie  G^n6rale,'  p.  28  et  seq,;  ♦  Joum.  do  Zool.' 

1.  p.  47H  ;  'Phosphorites  de  Quorcj',  Tarn-ot-(Jaronno  ct  Iiot.' 

t  Filhol.  '.Toiirn.  de  Zool.  ii.  p.  47<> ;  G.uitlry,  "jKcif.W,  p.  21;  DeUoxtrit^ 
op.cit.  ii.  p.  470;  Claudrv,  '  Ia-s  Kncliuiucinciu     ch.  x. 

X  Biitimeyer,  '  UcbcrdieHcrkunftunsorer  Thiprwcit'  (4to.  1867),  p.  h2.  The 
f.nma  of  the  Holmerz.  in  wliich  the  C<ni-,j)ithtcu.<  was  fcuTid,  is  considered  by 
llecr  to  be  of  Alid-Eooeue  age.  It  aeetns  to  me  more  probable  tfa&t  it  represents 
also  the  Upper  and  Lower  diTuions.  The  local  deposit  of  Bohnens  (mni*ore) 
ill  ^Switzerland  had  be^^un  in  flio  Cretaceous  wgo,  and  riny  bare  been  continuea 
throughout  the  Eocene  period.  The  fauna  contains  characteristic  forms  of 
r'pl>pr-  as  well  as  Middle-Booene  si)ecie8. 

^  Marsh,  "Introduction  and  Succession  of  Tertcbrato  Life  in  Ainorica,** 
American  Association  for  the  Advancement  of  S'cient^^,  1?*77  ;  ('"p-*.  ''//?/"/)- 
sodu*,"  Beport  of  U.S.  Geological  Survey  of  the  Territories,  l-u&^d  VcrtAjbruLca, 
i.  p.  76. 

Q.J.G.a  Ko.143.  2d  . 
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Continent,  and  appear  to  mo  to  fall  naturally  into  three  divisions — 
Lower,  Middle,  and  Upper. 

7.  Hu  Lower^Mioeme  Mammalia  of  France, 

The  ttumali  wMch  charBeterize  the  Lower  Miocenes  of  Franee' 
oonnst  of  the  foUowiog  speeiee  derived  from  (1)  St.  Gerand-le-Puy 

(Allier),  (iM  Vuumas  and  iSt.  Pourcin-sur-Hotrc  (Allier),  (3)  Issoire, 
Yolvio  (f  ay-de-Dome). — Gcrvais,  ZooL  et  Pale011t.Fran9.pp.  341  et 
seq. 

Mabsupulia. 

Di(lt>l])hys  — rtTatlionnm  (3)*. 
Hyivnoilou  leplorhyuclius,  de  Laic.  (2). 

UiroDLATA  FKBinooAcrnJu 

KliinoccroB  minutus,  Cuvier  (S). 
Tapiris  Poireri,  Po^md  (2). 

XTXOVLATA  AanoDACTniA. 

rokcochoprus  (Hjotherium)  (1),  (3). 
Anthracotherium  magnum,  Cuv.  (li). 
Ilyopotamus  burbouicus,  Gerv.  (2). 

UmOVLATA  AbTIODACTYLA  BUMIITAIITIA. 

Dremotljcrium  Feigriouxii,  Geoff".  (1),  (3). 
AmpbitraffuluB  elegans,  Po/ud  (1),  (3). 
GainotheniiiB  commune,  Gerv.  (1),  (^). 
SynaphodiM  liradiygiwlhui,  FMid  (3). 

CiVJi.vivortA. 

Ampbicyon  gracilif,  Pomel  (1).  Mustela  Cruixeti,  Pmid  (o). 

—  brewwtrit,  ^Vrr.  (3).  —  el^gaiu,  Gerv,  (1). 

"Wwra  jjiinuBTn,  Powf  /  (3).   soctorin.  ^>rt'.  (3). 

— —  antiqua,  Bhinv.  (1).   aajgusUlrous,  Gerv.  (1). 

Fotamotherium  Yaletoni,  Gerv.  (1).   mmuto,  Crtrv.  (1). 

Huatflla  plMifltL^  <fo  LeiUi,  (1). 

BODE.NTIA. 

Straeofiber  yiciacenaiB,  Gerv.  (1).         Myoxua  murinua,  Pomel  (1). 
Sciunis  ( 1 ).  Oricetodon  (3). 

Tberiduuiys  broviceps,  Gerv.  (3).         TiUDomyt  TiienoTiennsy  Mtjfer  (1). 
Blainvillei,  Gerv.  (3),  , 

IVBKCTITOKl. 

Eiinaoeils  arvenaifl,  Bla'mv.  (3).  Son>x  anliqiuis,  Pomd  (1). 

Myogale  noiadum,  i^tmc/  (3).  Talpa  acutidentata^  Plainv.  (3). 

Plesiowm  aondomdieM,  Gert.  (3).  aottqna,  Sbuw,  (3). 

Ifynmohiie  Ficteti,  Bmnd  (3). 

Tlie  ^fammalia  of  Konzon,  Mllebramar,  and  l.c  Puy-cn-Yelay,  con- 
sidered by  rrol".  (iaiuliyt  to  belong  to  a  still  lower  horizon  of  the 

*  These  numbers  relate  to  the  above  localitiea. 

t  '  Les  Enchaiuemeuta/  p.  b,  and  '  Lea  Auimaux  Fosailes  do  Mont  Lcberon,' 
4to,  p.  86. 


Digitized  by  Google 


XEBCIABT  rmOO  BT  UMAM  OW  TUB  MAJOfALU.  387 

Miocene  than  the  above,  will  probably,  as  Prof.  GervaU  aug^esta, 
vltimateLy  be  classed  frith  the  Upper  Eoeene. 

8,  Th»  CharaeUrutU  Lmer^Mioeme  Farm, 

It  appeal's  from  the  examination  of  the  lists  of  Miocouo  species, 
which  I  have  selected  as  typical,  that  at  least  twenty-three  living 
genera  appear  in  the  Hiooene  age,  of  whioh  the  followiiig  belong  to 
tiie  lower  division :~ 

Bhinoceros,  lUiiiioceros,  Hedgehog,  Krinacem, 

Tapir,  TajnruB.  Pormoose,  Myoxus. 

Mnstda,  MuOda,  Water-Shxew,  Mtfo>jale, 

Viverra,  Viverra.  Mole,  Talpa, 
Sqnirzel,  iSemrut. 

The  genera  eurviying  fiom  the  Eocene  ere 

Diddphifx.  AiuJiiUierium, 

JhftfiiO'/on. 

The  genus  Xijphodon  is  lepteeented  by  the  more  specialized  Am" 

jphUragtihi.f. 

The  two  most  characteristic  genera  are  the  hog-like  //ijopotnhi".< 
aud  the  AtUhnicotJierinm,  with  back  teeth  like  the  hog,  and  with 
premolars,  canines,  and  indson  aa  weU  adiqpted  for  piercing  and 
dividing  fleeh  aa  in  the  CSamivoies.  There  were  no  tme  hoga,  nor 
r^resentativcs  ofthe family  of  elephants;  and  in  a  large  and  varied 
group  of  animals  representing  the  deer  and  antelopee  there  were  none 
bearing  antlers  or  horns. 

The  most  important  fact  i)resi'uted  by  this  fauna  is  that  the 
opossums  still  lingered  in  the  forests  of  Europe,  aud  that  the  Mar- 
anpial  anoeetry  of  the  Gamivores  atill  asserted  itself  in  the  singular 
combination  of  charaeters  offisred  by  the  Hpanodon.  With  the 
close  of  the  Lower  Miocene  age  we  bid  fa  re  well  to  the  European 
Marsupials  ;  and  none  of  thoir  characters  have  been  observed  in  the 
Placental  mamnmla  of  thc  Old  World  in  any  subsequent  age, 

9.  77*e  Mi(l-Mioc€H6  Mammalia  of  France, 

The  next  well-defined  horizon  in  the  history  of  the  Miocene  mam- 
malia of  Europe  is  olferod  by  the  faunas  of  (1)  Sansan,  (2)  Simorre, 
and  St.  Gaudens,  in  tlio  soulli  of  France,  described  by  Professors 
Lartot,  Gervais,  aud  Gaudry,  aud  given  in  the  following  Ust,  iu 
which  the  numbers  relate  to  the  locaUties. 

MwsrothBriam  gigukteum,  Lart.  (1). 

PiiOBOSCIhKA. 

MMtodon  an::;iuti(len8,  Cue.  Diaotherium  iutermeiiuin,  KaHjf  (2). 
 tapiraixbs,  Cwt.  (!)•  (2). 

2n2 
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TJkgulata  Peihssodactyla. 

Andutherium  aurelianense,  Gerv.  (1).  Bhinooeroa  doiogorrhenafl,  iMrt.  (2 
BhiaoeeKM  brMhjpua,  Lart.  (2).  Aeentfaerium  tetadac^yln^  Lart  (2; 


TxQULATA  AkTIODACTYLA. 

Sua  choerotheriuni,  i/Zaj/ir.  (1).  LUtriodon  splendens,  Mever  (2). 

 lemuroides,  Llainv.  (1).  OhiUootiMriom  gnofkr  wn.  (1> 

dMnonumtt  limpk^  (1). 

UNorLAirA  Abziodacttla  Buminaktia. 
AntiLipc  clavata,  Gerv.  (1).  Mictomeiyx  Flourenaanus,  Lart.  (1). 

Dicroc«;ros  elegans,  Zior^.  (I). 

Casxitoba. 

Ilyrcnorctos  hemiqTon,  I»«r^.  (1).  Pseudslurus  quadrideutatus,  Gerv. 

Aiuphicj  on  ♦  stbettioidei,  Bkdm.  (1).  (1). 
Tbala88icti«(?)  inoertii.  Lart.  (1).  Lutra  dubia,  Blainv.  (1). 

Yiverra  sanBaiiieiifis,  LarU  (1).  Kustela  hvdroc^on,  Lart.  (1 ) 

 exilis,  Blaimv.  (1).   tazodon,  Lart.  (1). 

Felis  media,  Lart.  (1).                         —  genettoidee,  Lart.  (1). 
]lf«^iiMiwiin«  piimiHoM^  Gen.  (1).   xoriUaidee^  2<ar^  (!)• 

J&ODENTIA. 

Castor  subpjrenaicus,  ixwi.  (2).  Crioetudou  sansaniensis,  Zor^.  (1). 

SteMoAber  tanmiiifinrfi,  Gm».  (1).  — ^  i^e^iiu,  Ixa-t.  (1). 

Sfliurus  sansaniensis,  Lart.  (1).   minor,  iar^  (1). 

 GervaisianuB,  Lart.  (1).  Laeumys  (Titaaomjrs)  Bansaniengis, 

MyoxuB  BanwMiiffnm'w,  Lart.  (1).  jCoif.  (1). 

IlBICnYORA. 

Erinaceus  saoBaniensis,  Lart.  (1).  TBlpft  sansaniensiB,  Lart.  (1). 

Myogalo  — «*^n«AiiM«^  Lart,  (1).  — ~  minuta,  £/a^.  (1). 

ClIIROrTF.RA. 

Vespertilio  uoctuioides,  Lart.  (1). 
— ~  murinoidMi  XovtL  (1). 

FbIM ATS8,  SlMIAB^. 

PHopidieous  antiquus,  Gcrv.{V). 
Dr}-upiUiocu8  Fontaui,  i/ar^.  (Sj* 

•     «      •  « 

10.  Tlu  CJuiracteristic  Mid-Miocene  Form, 

The  new  living  genera  are  Sut,  Cervu9t  'Anfihpef  Felia,  Lulra^ 
Castovt  the  hogs  being  remarkable  for  the  small  size  of  their 
canines,  and  the  deer  and  antelopes  for  their  small  antlers  aiid 
horns.  The  rhinoceros^cs  arc  larijcr  in  bulk  tlian  those  of  llio 
Lower  AUocene ;  and  some,  probably  the  females,  ore  hornless.  The 

*  Prof.  Gaudry,  remarks  that  the  dmphicwm  of  the  Mid-Mlooene  strata  po»- 
*eMC8  "dei  rSmiiiiaoenoes  de  T^lat  nuTaupiar"  ('Ijea  lEimhainwnentJi,*  p  2lfy 
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genera  Anchitherium  and  Amphicyon  are  among  the  survivors  from 
the  Upper  Eocene.  The  Proboecidea  are  represented  by  the  Deino- 
tiieie  aoid  the  Magtodm,  wlula  tiie  EdAiilwbM  axo  sepKMnted  by  « 
gigantie  antestor,  th6  ifSfieroAirMiin.  The  gemw  JfoeAoirMiw  also 

appears  ton  the  first  time,  as  well  88  tfaa  Mycmitttlkitf  fxfOoA  also  in 

the  Miocenes  of  the  Sevalik  hills. 

The  higher  apes  also  haunted  the  Mid-Eocene  forests  of  France, 
Switzerland,  (xtTraany,  and  Italy.  The  PliopWiecus  of  Sansan  is 
considered  by  Prof.  Gcrvais*  and  Dr.  Eorsyth  Mdorf  to  be  allied  to 
tbe  aaihropoid  dhukm;  while  a  aecond,  the  IhyopUhiMB  ti  Bi, 
Gandeos,  aeecndmg  to  Frol  Lart0t$»  xivaEed  man  in  dse,  and, 
according  to  Prof.  Owen§,  is  allied  to  the  Pliopttheciis  and  fco  the 
gibbons.  A  third,  found  at  Steinheim  in  Wiirttemberg,  is  referred 
by  Prof.  Fraas'i  to  the  genus  Colohus  (Colohus  grandmmii)  ;  and  a 
fourth,  OreojnthecuSy  is  stated  by  Prof.  Gervais  to  bo  allied  to  the 


Han  ia  believed  by  Br.  Hamylf  and  U.  de  Hoitillet^  to  haTB 
belonged  to  the  Mid-nBooene  finma  of  Vnnoe,  on  the  gnrandi  timt 

the  splinters  of  flint  found  in  the  Mid-Miooene  strata  at  Thenay  by 
the  Abbe  Bourgeoisff,  and  that  the  notches  on  a  rib  of  Halitherium 
found  at  Ponance  by  M.  Delaunay  are  beyond  a  doubt  artificial  and 
human.  The  e\'idencc,  however,  seems  to  me  to  bo  unsatisfactory. 
It  is  most  unlikely  that  man,  the  most  specialized  uf  the  Mammalia, 
formed  part  of  a  iSnuuk  in  whieh  no  other  living  spedea  of  mammal 
was  present.  HebeSonga  to  afumore  advanoedstageof  evointion 
than  that  of  the  Hid-Miooene  age,  as  may  be  seen  by  the  examina- 
tion of  the  diagram,  p.  381  ;  and  the  evolution  of  the  animal  kingdom 
had  at  this  time  advanoed  as  iar  as,  but  no  further  than,  the  Simiadse. 


The  labours  of  Dr.  Kaup,  of  Darmstadt,  followed  many  years 
afterwards  bv  the  remarkable  discoveries  of  Prof.  Gaudn'  in  Italy 
and  Franco,  enable  us  to  form  an  adequate  idea  of  the  Mammalia 
living  in  Europe  in  the  Upper-Miocene  age.  The  following  list  is 
oom^ed  principally  firam  the  work  of  the  last-named  anthor  ^ 

*  Zool.  et  Pal.  Frant;.  p.  8. 

t  Atti  della  Soe.  ItaL  di  Sc.  Nat.  xr.  187^ 

%  Oomptes  Benda^  xliii.  1866.  Hie  late  dflrdmnneBt  of  the  wildom-toolh, 

considered  by  Lartet  to  be  a  character  peculiar  to  tliis  rinimal,  i.-^  met  with  also, 
M  ¥<]iaj\h  Major  remarks,  in  the  Macacus  rhemts.  It  has  not,  therefore,  the 
importuioe  wfaibh  is  attaehed  to  it  bgr  ImxteA  and  LreLl  (Student's  Slementi. 
p.  196).   See  also  Gaudry,  '  Les  Enchauiemiento/  p.9Su* 

§  Proc.  Zool.  Soc.  Lond.  xxvi^.  18. 

f  Die  Fauna  von  Steinheim,  Wfirtt.  nat.  Jahreahefte,  xxri.  1870,  p.  146. 

T  Hamy,  Paleontologie  Humaine,  p.  45. 

**  Monillet,  Revue  Prehistoriquo,  1879,  p.  110, 

ft  Bourgeois,  Cougr.  Int.  Archuol.  Pr^hist.  Paris  vol.  p.  C7,  BrtUMls  tu1« 
p.  81. 

*l  Ja'^*  Aniinaux  Fossiles  ct  la  Gt^ologie  d»  VAttiquB^  ISQMS  wd  Let 
Anuuaux  Fossiles  de  Mout  Leberou,  4to. 


11.  Th$  Vpper'Mioeene  ManmaUa. 
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EOENTATA. 

Ancj'lotlipn'um  pentolici,  Givdry 
Macrotlierium   
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PitOBOSCIDHA. 

Mastodon  pent^lici,  Gtmdry  ^  Lartet.,, 

BCastodou  turio<Misis,  Sehuu  

'  ■  '  ■  longiroBlris,  Kaup 
DinotlMriuiii  g*g*«t«iim,  Kq»p  ... 

pRIBaODACrTLA. 
BhinocerOB  pachygnaflius,  Wagner 
Pchleiermacheri,  Kaup   


Afc'i-atlioriian 

Leptodon  grascus,  Gaadr//   ■ 

Hipparion  gracile,  Chrhtol   

Tapirus  

Aktiodactvla. 
ChaliooUiMiam  

Sub  erymantli  i  us   .  ^.  | 


* 


» 

• 

* 
» 


V.  «  >«  B 


major,  6>rr.,  =  var.  J 
paUBoehopnn,  JCswp 

antediluvinnus,  A'oip   

antiquus,  iCat^j 


RUMINANTIA 

Camelojxirdalis  attica,  Gattdry  ^-  Lartet 
Ht'Ihvdotheriuin  Duvernoyi,  Gaudry  , 

P.ila'otragns  Roucnii,  Gaudry  

Pulaoryx  I'albisii,  Gaudry   

Trngoceros  amaltheuB,  Gavdry  

Tragocero^  Vali-iicienm'i'i,  Guvdry  .... 
Palscoreas  Linderniaveri,  Gaudry  .... 

Antedon»8(?)  Bothii.  Cruxtiiry  

Gnxella  brovicornis,  Gaudry   

deporditu,  (Jaudry 


Dremotberiura  pentelia,  Gaudry   

Dorcatlicriiim  

Oervus  Mat  heron i,  G'.  rr  

 anoccros,  Kuujk  

■   dicnnoo6roB|  Juuip   

Gabititoka. 

Simocvon  diaphoru?,  Gaudry  

Mustela  peatelici,  Gaudry   

Promeptutis  Laitetii,  Gaudry  

.Ictitlieritim  robustuni,  Gaudry   

 hipparionutn,  Warner  

 Orbignii,  Wagner  

Hjicua  eximia,  Rolh  ^-  Wagner   

 chopretis,  Gaudry  4'  L<i !■//:■'   

]Iy:L'tiictis  gra?ca,  Gaudry  

.  ^lachairtKlus  cultridjMU^  Kaupt.   

Fdis  sUioa*  Gaudry  

RODESTIA. 

Hjstrix  primigenia,  Gaudry   ■,. 

PUI^TKS,  SlUlADJi. 

Mc'sopiUiecaa  penUdiei,  Wt^ftur  

DryopitheouB  (7)   
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12.        Ch( racterhtlc  Upper-Miocene  Forms, 
The  new  living  genera  of  the  Upper  Miocene  are 

Giraffe,  Camdopardalit.  Hycena,  Bycma. 

Gazelle,  UazcUa,  Purcupiue,  Hyttrix, 

And  the  extinct  genera  somving  from  the  ilid  Miocene  aie : — 

MacrotJierium,  Acerathtrium. 
Mastodon.  Chalicotherlnm, 
Dimth(^nit  m.  Machairodus. 

The  Edentates  still  lived  in  Germany  and  Greece :  and  the  Hip^ 
parion  wtis  abuudant  in  iliiMlo  and  Southern  Europe. 

The  horua  of  the  rhinoceros  and  of  the  antelopes  are  larger  than 
tn  the  Hid-Mioeene  age ;  and  the  antlexs  of  the  deer,  still  small,  are 
4Son8iderably  larger  than  before,  arriymg  at  their  maximum  doTelop- 
mont  in  the  Cervus  Matluro.ii,  Gerv.,  of  Hont  Iidbeion*.  The 
oanines  of  the  hogs  still  remained  very  small. 

tumorous  apes  intermediate  between  Si  mnopitherus  and  Jfdca- 
ais  lived  in  the  wooded  slopes  Icadinp;  from  I'ikermi  towards  the 
plain  of  Marathon  and  down  to  the  great  plains,  now  submerged, 
whieh  extended  wmthwards  towards  Africa  and  eastwards  towards 
Asia  Minor.  A  large  ape  fonnd  at  Eppelshoim  extends  the  range  of 
the  Simiado)  as  far  north  as  lat.  49°  43'  or  14°  beyond  the  present 
northern  limit  of  the  Old- World  apes.  It  is  worthy  of  remark  that 
in  tlio  Xew  World  the  Laopithicns^  Marsh,  of  the  Miocene  strata 
of  ^Nebraska  is  fonnd  from  14°  to  1')°  north  of  the  present  ranjje  of 
the  American  Monkeys.  Erom  this  it  may  bo  infen-cd  that  the 
^dimatal  ebange  by  which  the  Simiada  hsfe  been  zertricted  to  Hieir 
present  halutats,  has  been  the  same  in  tiie  New  and  the  Old  Worlds. 

13.  The  Lower-Pliocene  Mammaliii  of  Ftaaee, 

The  historj'  of  tlie  Pliocene  Mammalia  of  Europe  may  be  studied 
most  conveniently  from  the  points  of  view  offered  hy  the  groups  of 
animals  discovered  at  MontpcUier,  and  at  Mont  Pernor  and  Issoirc 
in  Auvergne,  belonging  to  the  nj)per  and  lower  divisions,  and  those 
of  the  upper  Val  d'Arno  in  Italy,  belonging  to  the  former.  The 
following  lists  are  founded  on  those  of  f^f essor  Gervais,  with  the 
addition  of  certain  species  identified  by  Dr.  Falconer  and  myself. 

LOWER.PLIOCBNE  MAMMALS  OF  FKA3fOB-SXAGB  OF 

MONTPBLUiaEL 

FlOBOaCDIA. 

Hafltodon  arforiMiimi,  FaAr.,=s  M.  brgyirortrin^  Gtrv. 

I'NfirL.VT.V  rERISSODACTTLA. 

Rhinoceros  uiegarhinus,  ChrM'A^  —  Tapiriw  niinor,  Strres, 

VsavhATX  Ai:tioii.\CT»I»a. 
Sua  pruTiuciahs,  Uerv, 

•  DmrkiBa,  Qiiart  Jonm.  Gaol.  Soo.  ToL  ziv.  p.  402L 
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Umvlata  AmonACTTLA  BuxijrAinu. 

AntiIo{)e  Cordieri.  Chrixf. 
CeiTus  cus&niu,  Cr.  et  Job, 


Carkitoea. 

Unus  minutusi  Gerv.  (?  Ursui  Felit  Christolii,  Gerv. 

wtwmmit  Or,  «i  Job,)  Latm  aAiii^*  Gin, 

HjimaroUM  inngnii^  Qtn, 

ChalioomTS  liffmodns,  GiMtr. 

Primates,  SiMiADiS. 
Semnopithecufl  mompawulanua,  Gerv. 

Tliis  group  of  animals  prosents  no  livinp^  species  of  Mammalia, 
and  it  is  only  classed  with  the  lliocunc  because  of  the  presence  ot 
weU-defined  Upper-fMooene  spedes,  audi  as  Mattod&n  anwmauis^ 

and  Omms  cusanus. 

The  extinct  geiMim  Mi/cenardos,  Mastodon,  and  Hipparion  somTed' 
firom  the  Miocene ;  and  the  two  apes  belong  to  the  living  «renora, 
Macacus  and  Semnoplthecus.  None  of  the  deer  possefls  large  autlors ;. 
nor  haYO  the  hogs  large  canines. 


14.  The  Upj?er-Pliocme  MammaUa  of  France  and  lUdtf, 

The  Upper-Pliocene  mfgninftla  of  France  and  Italy  arc  rc])rc- 
sented  by  the  following  srronps.  of  which  the  one  has  been  defined 
by  MM.  Croizct  and  Jobert  *  and  Prof.  Gerraia  and  the  other  br 
Ihr.  Porsyth  Major  %. 

VPPBK-PLIOCEinS  MAMMALIA  OF  FRANCB-OF  MONI  PEBBIEB 

AND  ISSOIRE. 

pKOBOSCinEA. 

Mastodon  arTernensis,  Cr.  et  Job. 
StpliM  iiMridioiiahs  (of  Malbttto),  JkttL 

VmULATA  PcRISSODACrrLA. 

Rhinoooros  fdatus  ?^ 

Tapirus  arveniensis,  Cr.  et  Job. 

Hipparion  gracile  (of  Malbattu),  Xintp. 

UnGI  LATA  AuTIOnACTYLA. 

Sus  arremenua,  Cr.  et  Job. 


*  Kecherches  mr  les  Oss.  Fosa.  diiDlparteme&tdnPi^-de-lMina:  4to,18id. 

t  Zool.  et  Tal.  Fran^.  p.  349. 

\  kSoc.  Jial.  ili  Antrup.  et  Ui  Ltnol.  April  l^U,  1870,  p.  10. 
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VmuLtSM.  AmODAomi  Boimuunii. 

Bm  elatiii,  Oreie.  Oarnte  etaeriamm,  (V.  <^  JM. 

Osrvus  polycladus,  Grrv.  — —  pardinensis,  Cr.  ef  Job. 

{ssO,  ramoBus,  dr.  et  Job.)  —  arrernenais,  C'r.  cAo6. 

—  Mdeni,  O.  tftf  — —  enmrai^  Or,  tt  Job. 

—  cladooerus,  Pomel.  —  tobMoroB,  Dawl*.* 
pemeri,  Cr.    JJ>6.  —  cjlindrooeroe.  Dawk,* 

(=C.  iaaiodorensis.)  — »  polignocus,  Robert, 


Cabhivora. 


Uraus  arveraenBis,  Cr.  ct  Job. 
Canis  borbonicus,  Brav. 
JPelis  pardincnsis,  Cr.  et  Job. 

 anrernenais,  Cr.  tt  Job. 

— —  bwrifoaliM^  CI*.  «^  JM. 


Castor  issiodorensis,  Croiset* 
Arctomjrs  &Dtiqua«  Poml, 


Felis  issiodorensis,  C'r.  et  Job. 
Machairodos  eultridens,  Gerv. 
Hyaeim  nrvernen^is,  Cr.  et  Job, 
 perriori,  Cr.  et  Job, 


Arvioola  robuikai^  i^fluil* 


TTPFEB-FUOCOSNE  MATilfAT.TA  OF  m£V-OF  THX  XTPPEB 

fkOBOSOIDBA. 

Mastodon  arvi-mt  nsiri,  Cr.  et  Job, 
Elephas  meridionnlia,  Heeii, 

VwauLJaA.  FkBuaoikAomA. 

JUlUiocero!«  ctruscus,  Falc, 
•       uiegarbinus,  Falc.f 
Bquns  Stenonis,  Cocehi. 

USGULATA  AkTIODACTYLA. 

Hippopotamus  major,  Cuv, 
Su*  BtZQEd,  ilf0fMX9r. 

VrnvusA  AmoDAonu  BvHimimA. 

Bbs  etratons,  Falo.  Oupvub  dianuiioa» 

Oenrud  ctenoides,  Xe^i  (^f8&),  — —  etuevkrutD,  Cr.  et  Job,  % 
— —  perrieri,  Cr.  et  Job,  | 

OABnrosA. 

Cania  etruscuB,  Mtyor.  Cania  Falcoueri,  Major, 

Unnt  etnueut  Cten.  Mmtola. 

Hyffiiui  penM,  Or.    Job,  ICMtudrodiis  (3  sp.). 


Outor  pUoUbUi  Mc^, 


BoDsxriA. 


Lepui. 

FUMAm,  SnoAM. 

Ifaeacus  (Aulaxinua)  ikfrentmafl. 
— ,  ap.,  Coccki. 


*  Pawkiiia,  Q.  1. 0. 8.  zodr.  p.  402.        t  Determined  hj  Dr.  Falconer. 

1  Determined  bv  mysplf  in  the  IMusoupi  of  tin-  Unirersity  of  Florence. 

^  Determined  by  uij^self  in  the  Geological  Miueom  of  the  Uni\er»ty  of 
B(Mf«n»  and  in  tm  C^ieteUo  Yalentiiio.  Tnrin,  wbere  then  we  alao  apecimeaa- 
of  dMebairodut  iatidene,  Ow.,  and  M.  eulirideHe,  Eanp. 
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15.  Tht  CharaeUritUe  Upper-FHoeene  Fanrm, 

The  stady  of  the  XTpper-PKooene  Mammalia  preeents  the  foJ^owing 
important  oharaoteristioa.  The  Mippapo1amu§  amphibiuf  was  widely 

diatributod  through  tho  foresta  of  Fran(c  and  Italy;  and  numerous 
deer  of  tho  section  Axeida)  arc  probably  identical  specifically  with 
the  deer  of  Southern  and  Eastern  Asia,  of  tho  ty[ics  of  Axis,  Rtisa, 
and  Ccrviis  (dirdiiun  *.  llij>p(irion  api)ears  lor  the  last  time; 
and  with  the  extinction  of  Macacus  Jloientinm  tho  family  of  apes 
passed  away  firom  among  the  European  fauna.  The  diaappearanee 
of  the  apea  item  Europe  at  the  eloae  of  the  flioeene  age  ia  one  of 
the  most  important  facta  in  the  history  of  the  fossil  mammals.  In 
the  Upper  Miocene  they  ranged  as  far  north  as  Eppelsheim.  In 
the  Lower  Pliocene  tiicy  were  restricted  to  the  forests  of  the  south 
of  France,  anil  in  the  ri)per  riiocene  to  those  of  Italy.  Their 
Boutliern  retreat  and  hnal  extermination  in  Europe  are  probably 
due  to  a  elimatal  ehange,  to  a  lowering  of  the  temperatnra,  which 
arrived  at  ita  minimum  in  the  Pleistocene  age. 

The  evidence  as  to  the  presence  of  man  in  the  Italian  Flioeenes, 
bron^'ht  forwanl  l)y  Dr.  Cocchi  f  and  Prof.  Ca])ellini seems  to  me 
to  be  uusatisfaetory.  The  Pliocene  Mammalia  are  not  sufficiently 
s]H  r  iulized,  do  not  contain  a  sufficient  number  of  living  si>ecie8,  to 
make  it  probable  that  man  belonged  to  the  Pliocene  fauna. 

The  Ibnr  moat  important  new  living  genera  are  the  oxen,  the 
horses,  the  bears,  and  the  elephants.  The  first  of  these,  B09  etruieuSy 
was  sometimes  without  horns,  as  in  a  skull  pointed  out  to  mo  in 
I-*^77  by  Dr.  Forsyth  Major  in  the  museum  at  Florence.  This 
interesting  specimen  renders  it  likely  that  horns  were  ori>;inally  a 
sexual  character  peculiar  to  the  bulls,  transferred  afterwards  to  the 
cows.  The  cows,  however,  possessed  horns  in  tho  succeeding  Pleis- 
tocene age,  in  the  deposits  of  which  £aasil  polled  cattle  are  unknown* 
If  this  view  of  the  origio  of  horns  be  accepted,  it  is  easy  to  explain 
the  singular  ease  with  which  the  horns  have  been  bred  out  of  some 
of  tile  dojuotic  eattle.  in  a  comparativelv  short  time,  bv  selection 
carried  on  tlirouf^h  a  lew  generations,  and  otir  polled  cattle  may  be 
looked  ui)On  as  a  reversion  to  an  ancestral  tyjie.  The  small  size 
also  of  the  tusks  of  the  domestic  hogs,  as  compared  with  those  of 
the  wild  boar,  may  be  explained  in  the  same  manner. 

The  horses  inhabiting  tho  Yal  d'Amo  in  the  Uppcr-Plioccne  age 
were  intermediate  in  the  structure  of  their  feet  and  teeth  between 
the  common  horse  and  the  Hipparlon,  and  may  perhaps  indicate 
that  the  deposits  in  which  they  occur  are  later  than  those  of  Au- 
ver^'ue  with  the  remains  oi  Jtlipparion.  The  elephants  are  repre- 
sented by  tho  Elephm  fomdionalis  of  the  Upper  Pliocene  of  France 
and  Italy.  The  bears  are  small,  and  with  the  canine  teeth  not  so 
largo  as  in  the  Pleistocene  Urtua  aretot  and  U.  spekeus, 

*  Duwkins,  Quart.  Joxim.  Geol.  Soc.  vol.  wxiv.  p.  402. 

t  JHeuj.  dellu  Hoc  Ital.  di  Sc.  Nat.ii.  uo,  7,  If'GT. 

X  Aui  della  Beale  Aoead.  dei  Lincei,  ter.  2^  torn.  iti.  1870. 
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16.  The  Jkvelopmeni  of  Antiers  in  ih£  Deer, 

Tlie  riiocene  deer  occupied  u  positiou  mtermediate  between  those 
of  tiie  nreoeding  and  suooeeding  ages  in  regard  to  thoir  development 
of  antlers,  hi  the  Lower  Miocene  none  of  the  CenridsB  were 
an  tiered.   In  the  Kid  a^fiooene  the  antlers  bore  simple  forked 

crowns ;  and  in  the  Upper  Miocene  they  become  mf)re  complex, })nt  are 
still  small  and  erect,  like  those  of  the  roc.  In  the  Upper  I'lioceno 
they  are  lar<;er  and  longer,  and  altogether  more  complex  than  tliey 
were  before,  some  forms,  such  as  the  Cervus  dicranios  of  Nesti, 
being  the  most  oomplieated  antleiB  at  present  known.  The  deve- 
lopmeat  of  antlers  reaches  a  maximnm  in  the  Irish  elk  of  the  Pleis- 
tocene and  Prehistoric  ages.  Tliese  anocessive  changes  are  like 
those  which  take  place  in  the  development  of  the  antlers  in  the 
living  deer,  which  begin  with  a  simple  point  and  increase  in  size 
and  in  the  number  of  tynes  up  to  their  limit  of  growth.  It  is 
worthy  of  remark  that  iu  the  Mid-Miocene  strata  of  Thenay 
small  ereot  branching  antlers,  without  a  bnrr  or  rose  and  persistent 
throngh  life,  represent  an  intermediate  form  between  the  deer  and 
the  antelopes.  Similar  antlers  to  these  have  been  figured  and 
described  by  TrofesBors  T.eidy  and  Cope  from  tho  Upper  iliocenes  or 
Lower  Pliocenes  of  the  United  Stales, 

The  Pliocene  Mammalia  of  tho  Coralline,  Reel,  and  Xorwich  Crags 
are  so  imperfectly  known,  so  fragmentary,  and  so  mingled  with 
lOocene  fiisrils  while  they  were  exposed  to  the  dash  of  the  waves  on 
the  Pliocene  shore,  that  it  is  better  not  to  attempt  to  give  a  sys- 
tematio  list  of  those  occnrriDg  in  Britain. 

17.  The  FUieiocene  Mammalia, 

We  come  now  to  that  period  in  the  history  of  life  when  the 
existing  species  of  Mammalia  preponderate  greatly  over  the  extinct, 

to  the  Pleistocene  ago,  in  which  the  living  species  stand  to  the 
extinct  in  the  relation  of  tifty-six  to  twenty-two.  out  of  a  total  of 
seventy-eight.  They  fall  naturally  into  three  divisions,  as  1  have 
already  pointed  out  iu  jjrevious  coninuinications  to  tht;  Society  :  — 
the  Early-Pleistocene,  or  that  of  the  Uorest-bed  group ;  the  Mid- 
neistooene,  or  that  <^  the  Brick-earths  of  tiie  lower  Thames ;  and 
tho  Late-Pleistocene,  or  those  of  most  of  th^  river-deposits  and 
most  of  the  caves  *. 

18.  The  Earlif-PUitioeene  MammaUa  of  Britain, 

The  Early-Pleistooene  Hammalia  from  the  Forcst^ted  of  Norfolk 
and  {Suffolk,  given  in  the  following  list,  are  remarkable  for  the 
a8sooiati<m  of  PHocone  species  withli^^nL:  and  extinct  qpeciesbeforo 
unkno-wn.  It  will  be  remarked  that  the  whole  of  tho  new  living 
species  are  now  to  be  found  in  the  temporatc  r^ons. 

• 

•  Quart.  Jonm.  Gedl.  See.  toI.  nviii.  p.  410,  xxxii.  p.  01. 
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BorriTal  from  Pliocene— Idling  specicssl. 

BSppopotamw  Hipj><>jx}fam>u  ompkiUKi, 

Survivals  from  Pliocono — Extinft  spocios=7. 

Southern  elephant   Elcphas  meridionalis,  J^eeti. 

B^^noMd  riunooBTM  Bmmoetro*  megarkintii,  Chxiitol* 

EtruBcan  rhinooeroi   R.  etrtutcit^,  Falc. 

Sedgwick's  deer   Cerviu  dicr£mio»=C.  Sedgwieliii, 

Beer  of  Polignao   C.  polignacu»,lSghiat, 

Sabro-tnothfd  lion  hairodus  lalidtnsl,Chr. 

Bear  of  Auvergnc*   Ursus  arvemmm.  Or.  &  Job. 

New  comers— LiYixig  spedess^lo. 

Horse  Equxis  cahallus^  L. 

Wild  boar   Sm  tcrofa^  L. 

Vmi  ..Bwfnmigmius,  Boj. 

Roe   ..Cervus  capreoliu,  Ju 

Stag  '"C.  elaphu^,  L. 

Fox  Canu  vulpe$,  L. 

Wolf   C.  lupus.  L. 

Squirrel   Sciurus  tti/garis,  L. 

Beaver   Cagfor  fiber,  L. 

Rod  field-Tole  ..,,„,,...  Arvicola  qlarcolvs,  Bflhwilw 

Water-Tole  A.  amphihitts,  L. 

Mole   Talpa  europeMtlj, 

Coininon  shrew  Sorex  vulgaris,  h. 

Musk  shrpw   fy.  mo.^chatn?. 

Glutton   Gulo  Imicus,  L,  f 

New  comers — Extinct  species =7. 

Straight-tusked  elephant  ...Elephas  antiquus,  Falo, 

Mamniotli  E.primigeHius,  Blum. 

Irish  elk  itf^OMitw  hibernictu^,  Owen. 

Tliick-nntlored  deer   Curit.t  irrficomis,'Dnikm 

Deer  of  the  Carnutes  C,  carnutomm, 

Oave-bear   Urms  mlmm,  Ooldf. 

Extuiofe  beaver  7}ngtndkmimm  Cuvim,  Owen. 

ElephM  fneridiondliSt  Shmoeen$  etruteu»t  Cervm  cKflrantM,  aod 

C.  poUffnacua  appear  for  the  last  time  in  the  Early  rieistocene,  in 
association  with  tho  new  species.  Among  the  latter,  EUpTias  anti- 
<jruMs,  E.  pnmigenitis,  rrsus  8j)el(rtis,  and  Tro^fontheriwn  are  tho 
most  important  of  the  oxtinct  apecirs. 

Tho  recent  identification  of  the  Aiummoth  by  Prof.  Loith  Adams  j;, 
in  the  fauna  of  the  Forest-bed,  oonfirms  the  troth  of  tbe  views  of 
Dr.  Falconer  and  myself  based  on  other  evidenoe,  which  have 
been  doubted  by  some  very  oompetent  obserrers. 

19.  The  Magnitude  of  the  Brealc  between  the  PKb-  and  Pkkloeene 

Peinods. 

An  analysis  of  tho  abovo  list  shows  that  the  break  in  the  succcs- 
aion  between  the  Pliocene  and  Pleistocene  ages  is  yeiy  great,  more 

*  Tt  is  very  probable  that  the  smaller  BeST  of  tilS  FtoMlt-bed  UMf  be 
Urms  fcrox,  as  Mr.  £.  T.  Newton  suggests, 
t  Identified  I>y  Mr.  B.  T.  Newton.  ^  In  a  letter  to  the  author. 

S  Quart.  Jonm.  GtvH  Soe.  voL  nxv.  p.  1^ 
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than  two  thirds  of  the  species  being  new.  The  proportion,  how- 
matf  of  tiie  Pliome  snrriTmlf  to  Sum  being  eight  as  compared 
irith  tweaty-two>  shows  that  it  is  notsniBeieiitiiy  great  to  aDowof  a 
elnssiflcatioiL  in  which  the  Tertiary  ends  with  the  Pliocene.  It  is 
simply  a  new  and  more  advanced  phase  of  the  Tertiar}',  similar  in 
kind  to  those  which  went  before  and  follow  after.  If  we  turn  our 
attention  to  the  Invertebrates,  Ibero  is  no  break  at  all  to  be 
observed  between  the  riioceno  and  Pleiatocene,  all  the  i'lcibtocene 
fimns  being  found  in  Pliocene  strata,  and  iSid  same  oonlmmty 
being  presented  as  that  which  we  shall  note  presently  in  the 
Yertebrates  of  the  Pleistocene,  Prehistoric,  and  Historio  periods. 
It  is  therefore  obvions  that  the  Tertiary  life-period  cannot  in  any 
sense  be  viewed  as  having  come  to  an  end  at  the  close  of  the 
Pliocene  age. 

20.  The  IGd-PUitioeMe  Mammalia  nfBrUmn. 

The  fluviatile  deposits  of  Ilford  and  Grays  Thurrock  iji  Essex,  at 
Erith  and  Craj-ford  in  Kent,  and  at  Olacton  on  the  Essex  coast, 
present  us  with  a  group  of  animals  intermediate  between  those  of 
-the  Barly  and  Late  Fleistooene.  Thdr  most  important  ohanMsteia 
are  noted  in  the  IbUowing  list  (p.  398),  in  whidi  it  will  be  seen 
that  J2Ufioe«ros  megarhinus  and  the  Hippopaiamus  are  the  only  two 
Pliocene  species  in  the  fauna ;  the  latter  appears  here  for  the 
last  time.  It  must  also  be  remarked  that  Ovihos  moschatiis,  dis- 
covered by  myself  in  1857,  and  more  recently  by  Mr.  Cheadle,  and 
the  Marmot,  discovered  recently  by  Mr.  Flaxman  Spurrell  at  Cray- 
ford,  alhow  tliat  the  winter  cofd  was  seyere^  and  that  the  axctio 
Uammalia  in  their  journey  souUiwazds  bad  anived  as  fbr  as  the 
lower  vaUey  of  the  Thames. 

The  climate  at  this  time  was  colder  than  it  ever  had  been  before 
in  Britain,  and  was  gradually  passing  into  the  glacial  condition.  It 
is  very  likely,  as  I  have  pointed  out  in  my  paper  on  the  Lower 
Biick-earths  of  the  Thames  valley*,  that  the  upper  strata  covering 
the  fluviatile  deposits  with  the  fossil  remains  are  glacial,  and  tiiat 
therefore  the  depositB  beneath  are  referable  to  the  Preglaoial  age. 

Man  is  proved  to  have  lived  in  the  valley  of  the  Thames  at  this 
time  by  a  flint  flake,  discovered  by  the  lU'v.  Osmond  Fisher,  in  my 
presence,  at  Crayford  in  1872  t,  and  by  a  second,  found  at  Erith  by 
Messrs.  Cheadlo  and  Woodward  in  lb70  j,  and,  lastly,  by  a  recent 
discovery  of  the  relics  of  a  palseolithic  factor}-  at  Cruylord  (shortly  to 
be  described  by  Mr.  Flazman  SporreU). 

With  the  exception  of  the  marmot  and  the  musk-sheep,  tho 
whole  of  the  living  species  consist  of  animals  now  found  only  in 
temperate  or  warm  climates.  Horses,  ui,  bisons,  and  mammoths 
were  the  most  abundant  animals. 

*  Quart.  Joum.  Geol.  Soc.  voL  xxiii.  p.  Ul.  t  GeoL  Mag.  187:2,  p.  208. 
X  Froc  W.  Lond.  Soent  JLhoc,  Sept.  1876L 
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Mid-Flentooene  MamBttUa. 


.Survivals  rrr.in  Karly  ricistocfne — Livin;^  8[>ocie8=ll. 

llofdO   Eqitus  calHt!ltf.<,  L  

Unu   Botprimignu'is^  JJoj  

Boo  Cf  r>-Hs  raprtolus,  L. 

Stag  .-C.  da^hm,  L  

Hipppotamua  Hippopotamus  imjor 

Wudboar   ^V'>  -      .  L. . 

Fox   Canin  vidju-s,  L  

Wolf.  ,  C.  lupus,  L.  

Thrown  bear  rv.>w/.s  ur<'(os.  L.  

Beaver  Castor  Jiber,  L. 

Water-rat  Arvicolii  ampkibim,  L. 


Survivals  from  Early rieistoci  iie — Extinct  speoies=4a 

SMr.ii;;h( -tusked  elephant  ....tUephas  ant'Kp'n^.  Fale.  

Mammoth  K  primignii  i.s  lihun  

Big-nosed  rhinoceros  RAiuoceros  meffarhinvs,  Ohristol.. 

Irish  elk   Mrgaccrog  hibcrnicM,  Ovr  


New  coinors    Living  spi'cics=i>. 

Musk  ^lai'p  Ovtfxji  mcscfiafus,  DRsm  

Bison   Bison  prist.- ns   

Gri-ily  heart   Ursus/ma;  T^ew.  &  Clark..., 

Otter   Ltitra  vitlt/aris,  Krxl  

Snottetl  in  .L-na   Hutena  eroenta,  Zimin  

Wild  cat   catus,  L.  

Lion   F,Uo,L  

Marmot  Spermopkilus  

Man  


'2 
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New  r'aiicr 


Woull)  rliuioccroa  R.  fichorhinmt  Cur  

Sinall-noBcd  rhinoceros  R.  lepti>rhinua,  Ow.  (=  R.  hemi- 

tcecJnts,  Falc.) 
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21.  The  Late-Pleistoeene  Mammalia  of  Britain. 

It  is  unnecessary  to  discuss  at  any  length  the  characfors  of  tlic 
Late-Pleistocene  Mammalia  of  the  caves  and  river-deposity,  as  they 
have  already  been  brought  before  the  Society  in  previous  oom- 
sranicationB:^  The  arctic  Mammalia  were  present  in  Britain ;  and 
vast  herds  of  reindeor,  such  as  those  found  in  the  river- deposits  at 
"Windsor,  and  more  recently  at  Kugby,  and  in  the  limestone  fissure 
at  Windy  Knoll,  near  C'astleton,  in  l)crby shirt',  swung  to  and  fro, 
according  to  tin-  season,  over  Pleistocene  Europe,  as  far  sontli 
iis  the  Alps  and  tht-  ryrcnees.    The  living  species  preponderated 

t  This  may  ultiinatvly  bo  provefl  t>  bp  n  survival  from  the  Karly  Pleistocene. 
X  (^uurt.  Joura.Oeui.  Ciiuc.  \ul.  xwiii.  p.  410,  xxxiiL  pp.  007  «^7>1,  xxxv.p.  I'J-k. 
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greatly  over  the  eztinet,  gtanding  to  them  in  the  relation  of  forfy  t» 

seven.  The  primseval  hunter  is  represented  by  the  implements  lefb 
hehind  in  the  river-deposits  and  in  the  caves,  belonging  to  two 
stngcs  of  cultnrc.  The  earlier  and  ruder  is,  1,  that  of  the  river-drift 
man,  as  be  is  termed  by  Mr.  Kvans  f,  whose  rough  stono  hdvhes  lie 
scattered  over  England  south  of  Peterborough,  the  whole  of  Jb'rance, 
Spain,  Italy,  and  Greece,  North  Africa  and  Palestine,  and  have  been 
shown  by  zeoent  xeseaiehes  to  ooonr  over  the  greater  part  of  India; 
ilie  later,  2,  that  of  the  cave-man,  whose  implements  are  of  a  higher 
order  and  have  a  different  distribution,  being  reetrictcd  to  that  portion 
of  Europe  bounded  to  the  south  by'thc  Alps  and  the  Pyrenees,  to  the- 
north  by  Yorkshire,  to  tlic  west  by  the  ancient  coast-lino  of  the 
Atlantic,  and  to  the  east  by  Poland  and  the  I^wcr  Danube.  It  is, 
in  my  opinion,  probable,  that  these  implements  belong  to  different 
races,  of  which  the  latt^  is  very  likely  to  be  identical  with  tho 
modem  Eskimos.  They  are  proved  by  the  discoveries  at  Hoxne, 
Bedford,  and  in  the  Poiit-Xewydd  Cave,  to  have  lived  in  Britain 
after  the  deponit  of  Boulder-clay  in  those  districts;  but  they  are  very 
likely  to  have  arrived  in  Europe  along  with  the  other  living  npecies 
of  animals  in  pre-Glacial  times.  The  Glacial  period  was  not,  as 
I  have  proved  in  a  previoiiB  oomaranicatloii  to  '^e  Society  a  hard 
and  fast  line  dividing  one  finma  ftvm  another.  It  was  merely  an 
episode  in  the  Pleistocene  age,  during  which  the  dimato  was 
exceedingly  severe  in  Northern  Europe,  and  during  which  the 
arctic  species  ranged  as  far  south  as  the  Alps  and  Pyrenees,  their 
northern  pastures  being  either  covered  by  snow  and  ice,  or  sub- 
merged beneath  the  waves  of  the  sea. 


in  Britain. 


Survivals    from    Early   and  ilid  Pleistocene  —  Living 
species  =  -f  4. 

Horse  J'Jqinis  caholltis,  L  

Brown's  CftUow-deer   Ogrtm  Lrmnii,  Dawk.  

Roe  C.  cnprrolu.^,  li.   

Stag  ....^....6'.  elaphus,  L  

XTros  „„,Bo8  primgenkUf  Bcj  

Bisun   ,  Bison  ettropiTU!^.  Gni  

;^[  u  sk  -  »1  RH3p  Oviboa  motchatun^  Desui  

Hippopotamus   HippopoiamHs  ampMbiu»tTj.  

Wild  boar   8m  scrofa,  L  

Wild  cat  Fell's  caftts,  L  

Lion  F.  leo,  L  

Spotted  hynna  Hy<sna  crocitfa,  Zixa.  

Wolf   Canii  hijms,  L  

Ij'ox  C.  vulpv*,  L  

Otter  lMtramdgari»,'BnL  


# 

» 

* 

» 

« 
» 


9 

o  t 


« 


« 
* 


t  'AneiMit  Stone  LnplMiienta.'     %  Quart  Jbimi.OedLr8ocivol.ixiv.p.7^. 
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Lttfe-Plflbtooeoe  Mammalia  in  Briteiu  (eontimni). 


f3i^  o  8 


Grisly  War  I  'r.-ius  ferox.  Lew.  &  CI. 

Glult  on   6fi//o  luscus,  L  

Wftter-Tole  Arvioda  amphibius,  L. .. 

Bed  field-vole   ^.  gUircolm,  Schreb  

Hare   Lrpm  fimidus,  L  

Bearer  Cn^^or  jVicr,  la  

Moose  ^t<*  muscitltis,  L  

Shrew  Sonx  vulgaris,  L.  

Mjm  •.•  


SurvivaLi   from    Early  and  Alid-rieistoccne- 

spccics=  7. 

Straitrlit-lusketl  clcpliant  ...F.lcphas  uninptus,  Falc  

Maiiimotli   .....A',  primigatius,  IJIum  

Woi'lly  rhinnccrus  Hhivorrros  tichorhinus^  OttT. 

Smoll-uosed  rliiixooerus  11.  Uptorhiuus,  Uw.  t  

Irish  elk  Megae&roB  hibemicut^  Ow.  .. 

?«racluurodu8  ^fu(•/lli^rl>'I^'s  la^iJ<:i.<,  Ow. ., 

Care-bear   Urbtis  Sj^Ueua,  Guldi'.  


Extinct 


* 

* 
« 


# 
* 


New  forms — Living  ^  pocios=  15. 

Reindeer  Cen-m  tarmidtis,  L.  .. 

Arctic  fox  J  ( l(i</<piis,  L  

liadgcr   fa.ci's,  L  

Stoat   Mi(.'</i'c  t-ztiinca,  L.  .. 

Weasel  ^f-  j'uf'-rins,  L  

^Inrton   V.  •lUirtis,  L  

Cali'er  cat   t'cli^  calmer,  Desiu  

Leopard  F.pardus^  L  

Lynx   F, /y«.r,  Teiu  

Sliort-toiled  lieid-vok*   Arvimla  agrcatU,  L. ...... 

Continental  fieUl-Tole   A.  nrmlis,  L  

Kiirsian  voU-  A.  ruftlrrp^^.  Keys.  \i.  J5l. 

Pouched  iii.'iriiiof;   Sjn  i\iii,jihiliiii  ci^ifh's, 

Arctic  K'lr.Miini^   Mii.^  Irinmiu^,  \j  

NorM'egian  lemming  Myodcs  (orqttatm.  Pal  


» 
* 


« 
« 
* 

4c 


* 

« 
* 
« 

♦ 

« 

« 
* 


22.  The  Prehistoric  Mammalia  of  Britain  aiid  Irdaiul, 

The  Prehistoric  Period,  as  I  have  dofincd  it  in  a  paper  read  before 
the  International  Congress  of  rreliistorie  Arclia^dloiry,  in  Paris  and 
in  Nor>nch,  U  the  next  pliasc  oi  tlie  Ti'itiary  which  we  have  to 
examine.  It  covers  all  the  events  whicli  took  jilace  between  the 
Pleistocene  age  on  the  one  hand,  and  the  beginning  of  history  on 
the  other*  To  it  bdong  most  of  the  alluvia  and  peat-bogs  and 
beaches,  luaally  teimed  Kecent»  as  well  as  the  contents  of  certain 

t  a  1i.  hemitceehm,  Falo. 

X  Tdentifled  by  Frof.  Buak  among  tbo  remains  found  in  the  Pin-hole^ 
OreaswelL 
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caverns  containing  the  remains  of  wild  animals  now  livinfj  in 
Europe,  piingled  with  wild  or  half-wild  animals  which  had  escaped 
from  their  serritode  to  man.  The  principal  species  are  given  in  the 
following  lirt: — 


Wild  snimak. 


Hare  

Alpine  hare 

Babbit   

Water-rat 
Wildcat  ... 
Otter   


Marten   

Badger   

Brown  bear 
Gridy 
Wolf. 


••••••••••••••••••••MAMa 


Fox  

Hotso  

Boe  

Stftg   

Elk  

Irish  elk  . 
Beiudeer 

Urus   , 

wad  boar. 


Britain. 


Domestic  animals. 

Bog...  .M.....  Cants  famih'aris,  L. 

Horse  ,  f)qutts  calmlltis,  L... 

Sheep  Ovis  aries^  L. 

Goat  Copra  A«rvi»,  Lb 

Shorthon  ,Bo»  kmgifrong,  Ow. 

Hog  Atf  «cn/a,  L.   

Hwih-hog  AjMlMNH^Bat 


...•M...a  •..•*. 


« 
* 

? 
« 

* 

# 

* 


« 
ft 

ft 
* 


Iiebuid. 


23.  Th4  CharafiUritUo  PrOiitorio  Form. 

The  most  important  feature  of  the  PMthistorio  period  is  the 
arriyal  of  a  race  of  men  totally  distinct  fhnn  those  of  the  Fleisto* 

oenc,  and  in  a  far  higher  state  of  culture.  The  Neolithic  farmer 
and  herdsman  first  of  all  appears,  bringing  with  him  the  domestic 
animals  of  the  above  list,  and  somo  of  the  cultivated  seeds.  Sub- 
Bcquently  hron/o  became  known,  and  then  iron,  each  of  these  sub- 
stances standing  for  an  uutward  bign  of  a  civilization  better  than  that 
which  had  preceded  it,  Thns  wo  have  the  Neolithic  snoceeded  by 
the  Bronze  age,  and  that  by  the  Iron, — ^the  history  of  Britain 
beginning  late  in  tho  lust  of  these  three  divisions. 

Among  the  wild  animals  tho  Irish  elk  demands  especial  notice^ 
Q.  J.  G.S.  1(0.143.  SB 
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set  moraly  flrom  its  existonoe  in  TBst  nmnbeFB  in  Irdaiid,  but  frani 
tiie  &et  tiiat  it  Ib  tiie  sole  BiimTor  from  tiie  Plflutocene  into  the 

Prehistoric  age  which  has  since  become  extinct.  It  is  rarely  met 
with  in  Britain.  The  true  elk  was  also  rart%  but  has  been  met 
with  in  several  localities  in  the  bogs  of  Northumberland,  Yorkshire, 
and  Scotland.  lu  the  south  it  is  described  by  Prof.  Owen  from 
Walthamstow,  where  it  was  associated  with  the  goat,  Celtic  short- 
bom,  end  reindeer.  The  last  animal  is  rare  in  Eng^d,  and  com- 
paratively abundant  in  Bcwtland  and  Ireland.  It  has  not  been 
found  in  Prehistoric  dqponts  ItirUier  south  than  the  valle}*  of  the 
Thamog.  The  Urns  was  comparatively  abundant  in  Prehistoric 
liritain,  and  it  WJis  hunted  by  the  Neolithic  men  who  excavated 
the  chalk  for  the  sake  of  the  Hint  in  Cis-sbunk*  C'amp.  It  survived  at 
least  as  lato  as  the  lirouze  age,  since  its  remains  occur  in  a  refuse- 
heap  of  that  age  in  Barton  Mere,  near  Bury  St  Edmnndi*.  It 
was  probably  exterminated  in  Britain  befbie  the  dose  of  the  Fre- 
historio  penod,  while  it  found  a  secure  shelter  from  man  in  the 
forests  covering;  Central  Germany  as  late  as  the  sixteenth  century. 

The  domestic  animals  introduced  by  the  Neolithic  farmers  consist 
of  the  dop:,  horned  sheep,  goat,  Celtic  sliort-liornod  ox,  and  hog, 
some  of  which,  buch  as  the  short-horned  ux,  the  maish-hog,  and  tho 
goat,  escaped  from  the  serritude  of  man,  and  reverted  to  a  wild 
state  in  the  forests  as  yet  untouched  by  the  woodman's  axe.  The 
domeBtic  horse  also  may  have  been  intr  vluf  cd  in  a  state  of  domesti-^ 
eatioii ;  but  it  may  have  been  deeoended  from  those  so  abundant  in 
Britain  in  the  Pleistocene  age. 


24.  7^  MtUnio  MamnutUa  of  the  British 

It  remains  for  us  to  consider,  in  conclusion,  the  more  important 
changes  in  the  fauna  of  the  Historic  period,  or  that  period  of  which 
tho  written  record  is  preserved,  and  which  may  be  said  to  begin  in 
Britain  with  the  'limdiiig  of  Jidins  Cesar,  b.c.  55.  The  ehlef  points 
to  be  noted  aie  the  abseiioe  of  the  Irish  elk  and  of  the  true  e&  and 
nrus  from  tho  British  fanna.  The  reindeer  still  lingered  in  the 
north  of  Scotland,  and  was  used  for  food  by  the  dwellers  in  the 
burgs  of  Caithness,  in  which  district  it  was  luinted  by  the  Earls  of 
Orkney  in  the  year  1150.  The  oxtinctiun  of  some  and  the  in- 
troduction of  other  animals  into  liritaiu  enable  us  to  divide  the 
historic  period  in  the  same  manner  as  the  peoeding  dirisions  of 
the  Tertiary  have  been  made ;  and  the  foUowmg  Table,  taken  from 
my  work  on  Cave-hunting,  gives  an  outline  of  the  principal  of 
those  changesf. 

*  Free,  of  Suffolk  It.  I.  of  Archaiol.  and  Nat  Hitt.  June  180d. 

+  T\w  nuthoritios  for  tliopo  fncU  and  dates  are  givon  in  niy  '  Proliniinary 
Treatise,  lirilisb  rieistoccuo  Mammalia,'  Pohcontologicul  &>ocicty,  1616,  chapters 
iLaadiU* 
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Animals  extinct : 


Brown  bear   ;  circa  500-1000. 

BsindMr    „  1200. 

Beaver    „  1100-1200, 

Wolf   IfifiO, 

Wild  bow   „  im 

AnimalB  introduced : — 

Domestic  Fowl    before     65  B.C. 

lUIow  deer   drm  '  00^100  A.D. 

Pheasant    „  CO-100A.D. 

Domestic  ox  of  Urm  type  ,i        440  A.D. 

Aas    „  800-8aOA.D, 

Oat    „    800-1000  A.D. 

Oommoiitat    „  1727-1790 


25.  The  Prehistoric  and  Historic  Periods  hdonj  to  the  Tertiary. 

If  the  list  of  Prehistoric  ^lammalia  be  compared  with  that  of  the 
late  Pleistocene,  it  will  be  seen  that  great  differences  are  to  be 
observed.  No  less  than  seventeen  Pleistocono  species  have  dis- 
appeared  from  Britain  in  the  inten^al  separating  the  one  from  the 
other,  some  having  become  ezUnot,  others^  having  retreated  to  the 
norfih  oi  to  the  mt|i>  or  lo  tlifi  duller  <rfA»ed  by  the  iatestM  ot 
Oential  Europe,  or  to  ^e  cold  climate  of  lofty  mountains.  It  moflt, 
howefver,  lie  xemendierMl  ih«t  ell  the  wild  Prehistoric  animak  were 
livinj^  in  the  preceding  age,  and  that  from  the  Pleistocene  age 
down  to  the  present  time  the  wild  fauna  and  flora  of  Europe  have 
been  what  they  are  now.  The  continuity  has  been  unbroken. 
It  ia  therefore  evident  that  the  Tertiary  period  must  be  extended 
io  ea  to  infllnde  the  events  ef  our  own  tioieB. 

80.  GmmeA  Cfondushnt. 

Prom  this  imperfect  outlino  of  the  groups  of  X^lacontal  mammals 
Wng  in  Ihirope  m  locoeaitTe  timee,  it  ui  olmoiui  that  they  present 
m  with  •  meaiu  of  daesifying  the  Tertiaiy  period  with  gieater 

detail  and  certainty  than  those  of  the  lower  animals.  The  gronpa 
chosen  as  typical  arc  those  which  seem  to  me  to  be  the  most  im- 
portant; but  it  must  be  noted  that  their  apparent  isolation  is 
merely  the  measure  of  the  imperfection  of  our  knowledge  and  of 
the  geological  record.  They  show  that  in  the  Tertiary  period  the 
Plaoental  mainmala  were  gradually  becoming  more  speeidJzad  and 
nKoe  like  liviog  fonoa.  When  Hving  fenna  appear,  man  eppeaia 
also  in  the  Heistooene  age.  A  reference  to  the  table  in  which 
these  changes  are  represented  (p.  381)  will  at  once  show  that  it  is 
hopeless  to  look  for  Eocene  or  Mioeeiio  mnn,  and  that  his  existence 
iti  the  Pliocene  is  most  improbable.  The  relation  of  the  groups  to 
one  another  proves  further  that  each  phase  of  the  Tertiary  is  in- 
timately oomieeted  with  that  whidi  went  before  and  that  whtflh 
IbiUowed  after,  and  that  the  Tertianr  period  embraeea  aU  the  events 
wludiliaiipened  from  the  dose  of  the  Seoondaiy  to  the  present  day. 
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DnOUMQDOV* 

The  Presidknt  spoke  of  the  great  difficulties  in  the  way  of  classi- 
fication in  the  Tertiaries,  wliatever  group  of  Invertebrata  was  chosen. 

Prof.  Seeley  said  that  ho  had  not  quite  understood  in  what 
respeot  Frol.  Bawkms's  claanfioation  difEisKd  ftmn  fbote  alraidy 
eimtiiif  n  founded  on  MoUnsca,  Ifucih  of  the  evidence  on  which 
he  had  to  woik  was,  he  thought^  very  fragmontar}-.  This  objection 
espcci:illy  applied  to  the  older  diyisions  of  the  Tertiary.  Ho  was 
not  convinced  that  the  genera  oould  be  used  for  purpose  of  classifi- 
cation as  Prof.  Dawkiiis  had  used  them.  The  definitions  which  ho 
himself  would  use  of  genera  or  species  would  difier  from  those  used 
hy  Bret  Bawkins ;  and  so  different  xeenlts  woold  fidlow.  Anofher 
olgectioii  tiiat  he  had  was  to  the  annmption  that  animalB  had 
heo(nne  extinct  from  climatal  causes  ;  for,  historioally,  we  know  that 
man  has  destroyed  many  forms  of  life  in  Europe,  and  thus  the 
differences  between  the  Historic  aad  Prehistoric  faunas  might  bo 
explained. 

Mr.  CiLkELEswoKiH  Said  the  author  had  given  no  new  factofS  tO 
aadin  tttedaseMeatien  of  flie  Tegtiaiiei;  far  he  had  naed  the  names 
founded  on  the  old  moUnscan  daaotetion.  He  thoogfattfa«re  were 

more  extinct  genera  in  the  Orag  than  the  antlior  seemed  to  admit. 
In  the  Cra<,'  tlie  Polyzoa  wete  more  xeLated  to  the  Miooene,  the 
Mollusca  to  the  Pliocene. 

Mr.  WniTAKKR  said  that  he  did  not  see  where  Prof.  Dawkins's 
classification  difiered  from  the  present  one  ;  for  the  LycUian  terms 
ahonnded  in  his  paper,  which  ahoold  rather  have  heMi  eaUed  the 
range  and  evolntion  of  •  Mammalia  in  Tertiary  tames.*  For  himself 
he  doubted  whether  the  Crayford  brick-earths  could  be  eaOed  Middle 
Pleistocene  and  not  Upper.  Prof.  Prestwich  had  long  a^o  found 
the  Musk-shcep  in  tlie  Thames  valley,  near  Maidenhead,  in  beds  of 
much  the  same  age  as  those  at  Crayford.  As  a  working  Tertiary 
geologist,  he  did  not  see  how  to  apply  Prof.  Dawkins's  system ;  for 
tiion^  he  often  got  ^enty  of  sheOe,  he  had  never  found  a  single 
mammalian  remain  in  heds  helow  the  flioeone.  80  how  conld  he 
classify  by  Mammalia  ?  He  thought  the  system  proposed  was  nn- 
prncli(  al.  If  doctors  differ "  as  to  the  genera  and  speoies  of 
Mammalia,  the  classiticatory  value  of  the  latter  is  doubtful. 

Kev.  J.  F.  Bi.AKi:  said  no  doubt  rocks  in  the  field  must  first  bo 
studied  stratigraphically  ;  but  the  larger  groupings  were  dependent 
on  the  liinna  contained.  This,  he  thought,  was  tibe  lino  Prof.  Boyd 
Bawkins  had  adopted ;  but  he  had  not  shown  where  his  dassifica^ 
tion  differed  from  the  recdved  one.  He  thought,  however,  that  the 
Mammalia  had  already  been  used  for  classification  of  the  Tertiaries. 

The  Prksident  remarked  that,  to  his  mind,  the  chief  feature  in  the 
paper  was  its  history  of  the  Pliocene  fauna,  which  ^vas  so  liUli* 
known  in  liritain.  Whether  this  mode  of  classiiij cation  w:ls  novel 
or  not,  the  way  in  which  the  fusts  were  dearly  massed  was  most 
valnahle.  Ho  would  not  himsdf  reject  dther  mode  of  classification ; 
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to  tho  majority  of  sfcadentg,  hoirem,  lie  fiiong^t  the  IhTertebcata 

would  always  be  the  more  valuable. 

ProL  Boyd  Dawkok  said  he  had  not  asserted  that  the  IiiTerto- 

hrata  wcro  of  no  use ;  but  ho  would  ask,  Could  the  more  modern 
Tertiarics  bo  cIussckI  by  their  luvertebrata?  In  the  older  beds  no 
doubt  the  luvertebrata  were  of  use  in  classification.  Ho  had  used 
the  old  terms  because  he  did  not  see  any  reason  for  inyenting  new 
onea.  He  had  never  asserted  that  the  mode  of  olaasifioation  was 
new ;  hut  he  would  he  glad  to  leam  where  the  method  which  he 
had  adopted  in  applying  it  was  to  be  found.  Ho  hdieved  that 
the  system  he  had  proposed  would  be  fouiul  to  be  more  than  a 
parochial syatem,  and  to  apply  to  America  and  Asia  equally  with 
Europe. 
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30.  NoTK  on  PsEPHornoRus  POLTooNrs,  t'.  Meyer,  a  new  Type  of 
CnELONiAN  Eeptile  allied  to  the  Leathery  Turtle.  Bj  Pro- 
fessor H.  G.  Skelei,  F.R.S.,  T.G.S.,  &c.  (Read  May  12, 
18800 

(PtATE  XV.) 

When  I  was  in  Vicniifi  in  the  spring:  of  1 87D,  Franz  Hitter  von  Hauer, 
the  Director  of  the  Imperial  Geolopeal  Survey,  re(|ueste(i  rae  to 
examiiio  and  describe  the  remarkable  organism,  on  which  Von  Meyer 
had  founded  the  genuB  Pse^liophoruSf  which,  although  notioed  by 
hinuelf,  by  Ton  If  oyer,  and,  mora  leoently,  by  Br.  FaohB,  has  nevar 
been  flgured.  Its  nature  was  at  first  sight  bo  problomatical  that 
opinion  leaned  to  the  conclusion  that  it  was  the  demi.il  covering 
of  an  Edentate  closely  allied  to  the  Armadilloes.  Tho  dorsal  sur- 
face oi'  the  fossil  was  perhaps  insufficient  to  settle  this  question 
without  a  good  deal  of  compurativ©  work ;  but  You  liauer  cour- 
taonaly  allowed  me  to  paxtially  develop  some  ftegmanta  of  b<mea, 
which  aie  impeffiBdly  preserved  on  the  vndeislde  of  the  intraotaUB 
sandstone  matrix  of  the  slab ;  and  these  fitagmenta  of  proccclons 
vertebra)  proved  to  bo  altogether  reptilian  :  and  though  differing  from 
tho  vertebnc  of  known  reptiles,  yet,  by  tho  forward  projection  of  the 
zygapophyses,  they  indicate  the  animal  to  be  Chelonian,  and  there- 
fore show  the  fossil  to  be  more  nearly  allied  to  iS£luiryis  than  to  any 
other  type  in  the  Chelonian  order. 

When  Von  Meyer  first  gave  a  name  to  this  genus  Jahrbach/ 
1846,  p.  472),  it  was  only  known  to  him  by  isolated  dermal  plates ; 
but  subsequently  a  drawing  was  sent  to  him  by  Partsch,  and  on  ' 
thfit  he  made  a  further  note  in  the  '  Jahrbuch'  for  1847  (p.  57J>). 
This  s])ecimen,  then  in  Presshurp:,  ho  describes  as  a  fragment  of  a 
carapace,  containing  seventy  bones  touching  each  other,  and  show- 
ing the  impressions  of  piany  others.  Among  these  dermal  bones 
rises  a  middle  row,  in  whieh  the  plates  are  longer  and  more  evenly 
pressed  tc^ether  in  front  and  behind,  while  tho  other  plates  are 
placed  together  irregularly.  He  adds  his  conviction  that  it  may  be 
referred  to  the  Dasypodia.  It  remained  without  further  notice  till 
lb(ji>,  when  Von  Hauer,  in  the  *  Verhandlungen  der  k.-k.  peolo- 
gischen  Keichsanstalt '  (p.  387),  mentioned  brietly  that  the  fojjsil 
had  been  acquired  for  the  Musenm  of  the  Imperial  Geological  Survey 
In  Yiemut.  He  also,  in  1870,  in  Ihe  same  paUieation  (p.  342), 
makes  a  note  on  Psephcphorus,  mentioning  that  tiie  mnseum  had 
acquired  not  only  the  original  type  specimen,  but  a  second  laiger 
slab,  fitting  the  first,  and  containing  a  larger  portion  of  the  same 
cara])aee ;  for  while  tho  first  piece  contained  six  median  plates, 
characterized  by  a  raised  keel,  extending  in  a  straight  line,  and 
sixty-four  smooth  lateral  plates  in  a  connected  position,  on  the  second 
slab  of  sandstone  are  five  more  median  plates  and  nearly  a  hmidred 
more  lateral  plates*  Xhese  form  tegether  an  even  arched  shield. 
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about  thirteen  Yiemiaiiijeheslong,  and  fifteen  at  its  greatest  Inwdth. 

Numerous  hony  y>latos  are  Baid  to  be  scattered  throup;h  the  mass  of 
the  sandstone,  besides  other  bone- fragments ;  and  Von  Hauer  considers 
that  there  is  a  second  shield,  which  lies  parallel  to  the  first,  and 
under  it,  at  an  interval  of  scarcely  half  an  inch.  Yon  Meyer  had  made 
another  short  note  on  this  fossil  in  the  ^  Beriohte  Hber  cKe  Ifitthd- 
Inngen  Ton  Freunden  der  Naturwissenschaffcen  in  Wien '  for  1851 
(p.  3),  which  Von  Hancr  well  epitomizes  bj  saying  that  although 
the  animal  had  originally  been  regarded  by  Yon  ^Fcyer  as  belongin!» 
to  the  Armadillo  family,  he  subsequently  showed  the  strikinc;  re- 
semblance of  the  carapace  from  Ncudiirli  with  one  from  the  Zeuglo- 
dont  Limestone  of  North  America,  which  Miiller  had  figured  and 
oompaied  with  the  donal  shield  of  Dermaioefutys  in  his  work  on  Ziett' 
glodon.  Bat,  beyond  drawing  attention  to  its  reeeihbhuice  to  the 
Ff^plhaderma  alpina  from  the  Upper  Trias,  and  painting  oat  some  re- 
semblances which  that  f^cnus  presents  to  the  crocodilian  type  of 
armour.  Von  Hauer  expresses  no  opinion  on  the  systematic  position 
of  the  L'enus.  Finally  Dr.  Th.  Fuchs,  in  notes  on  his  travels  in  Italy, 
printed  in  the  '  Verhaudluugen  der  k.-k.  geologiachen  Kcichsanstalt' 
Ibr  1874  (p.  220),  remarks  that  in  the  zoologieal  department  of  tlie 
Ifosenm  at  Florence  he  saw  the  remarkable  shield  of  Sphdrgis 
eoriaeea ;  and  adds,  "  the  full  resemblance  to  our  Psephophortts  is 
80  evident  that  I  cannot  imagine  that  any  one  who  had  scon  the 
two  could  remain  a  moment  in  doubt'on  this  matter."  Von  Meyer 
appears  to  have  inclined  towards  the  Chelonian  hy])othesis,  in  conse- 
quence ot  Miiller's  account  of  the  ^pJtargisin  the  Zoological  Museum 
in  Padna ;  and  it  only  remained  for  Fn<&  to  confirm  the  aoeiinurf  of 
this  interpretation. 

The  slab  of  hard  sandstone  in  which  the  specimen  is  preserved  is 
46  centimetres  long,  and  about  41  centimetres  wide.  It  only  shows 
a  small  portion  of  the  shield,  which  originally  covered  the  back  of 
the  animal,  the  })rincipal  part  jircser^'cd  being  centimetres  long 
and  ,io  ceniimetrcs  wide.  It  is  divided  into  two  portions  by  an 
derated  longitudinal  median  keel  or  erest.  The  lateral  parts  arc 
inclined  to  each  other  at  an  angle  of  abont  155  degrees.  The  keel 
does  not  appear  to  be  quite  straight ;  and  it  would  be  difficult  to 
assert  positively  that  it  occupied  a  lateral  position  in  the  body, 
though  this  probably  was  the  case.  The  keel  is  rounded,  and  formed 
by  a  suigle  row  of  polygonal  plates.  ])ortions  of  eleven  of  which  are 
preserved ;  nine  occupy  a  length  of  26  centimetres.  2s'othing  could 
be  more  remarkable  than  the  exbeme  irregolarity  of  size  and  form 
of  the  osdcles  which  make  up  the  lateral  portions  (rf  the  carapace. 
Some  small  ossicles  are  nearly  circular,  others  ovate,  triangolar,  sab- 
quadrate,  but  mostly  of  irregidar  forms  with  five,  six,  or  more  sides, 
which  are  sometimes  convex,  sometimes  concave,  and  often  with 
sharp  angles  at  the  points  where  they  join  the  neighbouring  little 
plates.  Occasionally  a  minute  plate  occurs  which  is  hardly  a  centi- 
metre in  diameter ;  bat  most  of  the  plates  are  from  two  centimetres 
and  a  qnarter  to  two  and  a  half  centimetres  in  diameter.  Their 
aabstanoe  is  toy  dense,  almost  like  the  palatal  teeth  of  FUihodiu  or 
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tho  armour  of  a  ganoid  fish.  There  is  no  trace  of  the  plates  having 
been  ankylosed  together  ;  for  although  they  for  tho  most  part  still 
retain  their  natural  positions,  they  have  separated  sufficiently  to 
show  that  the  original  connezum  wu  nudntained  by  a  fibrous  or 
ooriaoeoiis  investiture.  On  the  dorsal  surface  the  plates,  except  iu 
the  median  \:vc\,  nearly  all  show  a  beaatifel  zadiating  sculptured 
omainent,  which  certainly  recalls  that  seen  in  some  of  the  larger 
Armadilloes,  rather  than  the  condition  in  any  reptile.  On  the  under 
surface  the  plates  are  perfectly  smooth.  As  arranged,  the  transverse 
mcasoremont  of  \he  plates  appears  to  bo  greater  than  the  longitu- 
dinal measozement,  flTO  plates  ocenzring  transTcvsely  in  one  place 
in  a  distance  of  twelve  contimetrea,  and  six  or  aeren  ooonpying  the 
same  distance  longitudinally. 

It  is  difficult  to  say  which  should  be  regarded  as  tho  anterior 
part  of  the  fossil,  as  tho  remains  are  so  fragmentary  that  they  give 
no  indication  whatever  of  its  complete  form  or  size ;  but  I  incline 
to  believe,  from  the  analogy  of  the  curved  ridge  in  Spharyis^  that  it 
is  an  anterior  fragment  £rain  the  left  side.  The  platea  are  remaik- 
aUe  fiir  their  tfaidmeas,  which  sometimes  amounts  to  nearly  a  oenti- 
metre,  thoDgh  most  of  them  are  thinner.  Towaids  one  comer  of  the 
slab  are  a  few  plates,  much  thinner,  partly  covered  with  matrix, 
which  look  as  though  they  might  have  belonged  to  an  under  or  ven- 
tral armature  ;  but  having  regard  to  tlie  state  of  preservation  of  the 
fossil,  it  would  bo  unsafo  to  overlook  tho  probability  that  they  may 
bo  a  portion  of  the  carapace  displaced  and  inTorted,  or  of  its  margin, 
which  would  naturally  have  an  inverted  position.  But  PsephophorvM^ 
unlike^^iAin^^may  have  also  possessed  a  ventral  shieldof  Uiin  plates. 
A  question  may  arise  as  to  whether  the  fragmentary  bones  on  the  other 
side  of  the  slab,  which  is  about  six  centimetres  thick,  are  portions 
of  the  skeleton  of  the  same  animal ;  but  all  probabilities  seem  to  rae 
to  lean  in  that  diroction ;  for  this  fossil  was  evidently  stranded,  much 
as  porpoises  and  other  animals  are  thrown  np  on  sandy  shores  at 
the  present  day,  and  tho  skeleton,  becoming  knocked  to  piecos,  has 
been  scattered.  Tho  resemblance  of  the  carapace  to  that  of  a  mammal 
is  certainly  sufficiently  close  to  have  justified  any  one  in  so  regarding 
it ;  and  the  large  size  of  the  armour-plates,  as  well  as  their  scnlp- 
tured  surfaces,  would  support  this  resemblance;  but  the  elevated 
rounded  keel,  increasing  in  height  as  it  passes  onwards,  with  tho 
somewhat  flattened  sides  of  the  shield,  are  more  in  harmony  with 
Spharf/is;  and  if  skeletons of  the  Covering  of /^Aar(/t>  had  been  pre- 
pared in  our  Museums,  it  is  certain  that  the  same  kind  of  irregular 
arrangement  of  the  plates  would  have  been  recorded.  There  is  little, 
except  tho  relatively  large  size  of  the  plates  in  tlie  fossil  and  their 
perfect  ossification,  to  distinguish  them  from  tho  comparatively  small 
elements  which  make  up  the  bony  skeleton  of  the  covering  of  the 
leathery  turtle. 

So  iix  as  I  am  aware,  the  dermal  shield  of  ^hargis^  though  often 
figured,  has  never  had  its  osteological  charactOTs  described;  for  tlu- 
thin  epidermic  covering  conceals  bones  which  constitute  a  shield 
wliich  is  only  comparabio  to  a  tessellated  pavement^  corrugated  by 
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the  scvon  longitudinal  ridges  which  extend  along  it.  Tho  main  median 
ridge  i.s  most  elevated  posteriorly;  but  tho  thrco  lateral  ridges  on 
each  side  maintaiu  about  e(^uul  elevation  throughout  their  respective 
lengths,  and  ooaverge  towards  each  other  very  slightly  anteriorl}*, 
uid  mofre  markedly  tovrards  the  posterior  end.  A  epeeixnen  ia  the 
British  Museum  has  a  length  of  a  hundred  and  fifty  centimetres ; 
the  greatest  transverse  width  round  the  curve  of  the  back  is  more 
than  a  hundred  centimetres,  though  tho  width  from  side  to  side  in 
a  straight  line  ia  the  same  position  is  not  much  more  than  seventy 
centimetres.  The  bones  which  form  the  median  ridges  are  often 
tiiree  osntliiietrea  long,  and  abut  against  each  other  hy  transverse 
aatoies,  mnofa  as  in  the  fossil;  bat  tihe  ridges  in  the  reoeat  Sphargit 
are  sharper  and  more  broken  Ity  irregularities,  owing  to  the  fact  that 
some  plates  have  the  ridge  developed  to  a  greater  height  than  others.  . 
Tn  tho  wide  part  of  tlio  carapace,  tho  transverse  width  between  two 
lateral  ridges  is  about  sixteen  centimetres,  and  in  this  distance 
fourteen  or  fifteen  pulygoual  buues  may  usually  bo  counted.  Ante- 
riorly the  plates  heoome  rather  aouJkr,  and  seventeen  or  eighteen 
plates  may  be  oonnted  between  two  ridges ;  and  it  is  also  hue  ob- 
served that  the  transverse  moaanremeDt  of  each  plate  is  usually 
greater  than  its  longitudinal  measnrement.  The  plates  mostly  vary 
from  h(dl"  a  centimetre  to  over  a  oontimotrc  in  diameter.  Some  of 
tho  plates  appear  to  give  indications  of  a  slight  radiated  surface- 
wrinkling,  like  that  seen  in  some  parts  of  the  fossil ;  so  that,  as 
Muller  first  suggested  and  Yon  Meyeir  afterwards  asserted,  the  ro- 
Nemblanoe  of  PsephopTutrua  to  Spharyis  is  dose,  and  quite  jnstified 
Fuchs  in  stating  that  it  was  only  necessary  to  see  the  two  types  to 
admit  their  general  identity.  In  fact,  there  is  nothing  but  difference 
in  tho  size  of  tho  plates  to  distinguish  the  tw^  genera,  as  far  ns  tho 
shield  is  concerned.  It  is,  of  course,  impossible  to  say  how  ni;iny 
longitudinal  ridges  may  have  extended  along  the  carapace  of  Fjs( pho- 
phorus.  If  tim  were  many,  the  interspaces  between  the  ridgos 
certainly  wanted  the  concave  character  visible  in  the  recent  genus ; 
and  this  apparent  flatness  of  the  carapace  leads  mc  to  suspect  that 
in  Fltepltophorus  the  ridges  may  have  been  fewer  than  in  Sphargis, 
The  slight  longitudinal  curvature  visible  in  the  median  ridge  in  tho 
fossil,  together  with  tlie  slight  transverse  elongation  of  the  bony 
plates,  would  lead  me  to  regard  the  specimen  as  being  probably  part 
of  a  lateral  riilgc  &om  the  anterior  portion  of  thoshidd,  and  not  far 
from  its  margin ;  for  what  has  appeared  to  be  the  under  shield 
formed  of  thin  plates,  imperfectly  seen  at  its  posteriinr  end,  where 
many  plates  of  tho  skeleton  have  been  broken  away,  would  well 
correspond  to  that  part  of  the  carapace  of  Sj>h<inf{s  which  is  bent 
round  inferiorly  at  tho  outer  sides  of  the  shield  :  so  that  when 
fossilized,  these  portions  might  then  present  the  appearance  of  two 
shields  superimposed  on  each  other. 

It  win  readily  occur  to  any  one  fhmiliar  with  the  Chelonia  that 
the  type  which  is  represented  by  SpJutrr/is  and  Psepliophorus,  differs 
from  all  the  other  members  of  the  order,  not  only  in  having  the  rihs 
entirely  separate  from  the  carapace,  bat  also  in  the  Aindamental 
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plan  upon  which  tho  roprefoiitative  ol'  the  car.ipace  itself  is  con- 
structed ;  and  I  believe  that  we  have  here  an  indication  of  a  primary 
divisioa  of  the  Chelonia  to  which  palseontological  discoveries  may 
hereafter  give  more  importanoe  than  can  at  present  be  daamed  for  it. 
From  the  pi^t  of  view  of  erohition,  it  may  fitirlj  be  anticipated 
that  the  paveracnt-shiolded  type  of  Clielonian  preceded  that  in  whioh 
thf  (lors  il  Bhi(  1(1  is  formed  of  s^'mmotrical  bones,  Pcrluips  tho  most 
remarkable  character  in  the  dermal  skeleton  of  Sjiharf/is  is  the  fact 
that  the  bones  of  the  plastron,  althouu:h  only  forming  an  outer  ring 
to  tho  Tentral  surface,  arc  already-  defined  and  homologous  with  thoso 
of  the  ordinary  Chelonian,  in  which  the  carapace  is  epedalijsed.  And 
this  leads  me  to  draw  attention  to  the  fact  that  the  dermal  bones  of 
Sphargiif  which  may  be  detected  without  difficulty  on  the  dorsal 
surface  of  any  ordinary  shield,  are  altoi>(>tber  invisible  on  tho  interior 
side  of  tho  .shield,  which  was  in  contact  with  the  neural  arches  of 
the  dorsal  vertebra?  and  tho  slender  flattened  ribs  ;  so  that  it  is  quite 
evident  that  tho  ordinary  carapace  of  a  (Thelouiau  is  in  no  way  re- 
presented by  the  dermal  skeleton  of  Puphophona  or  SpkargtM,  Im- 
pressed by  die  fiMst  that  the  dorsal  ribs  of  (Crocodiles  bear  upon  their 
hinder  margins  plates  of  fibro-cartilage,  which  in  the  ffatteria  also 
exist  and  are  sometimes  converted  into  bone,  and  believing  that 
those  plates  are  homoloi^ous  with  tli*'  epi|»Ieiiral  elenientj^or  uncinate 
processes  which  become  greatly  developed  and  blended  with  the  ribs 
of  certain  birda,  1  have  been  led  to  sixjculate  on  the  probable  occur- 
lenoe  of  snch  cartilaginous  elements  npon  the  dorsal  smfiices  of  ribs 
of  Ghebmans,  and  to  believe  that  the  development  and  ossification  of 
snch  plates  npon  tho  Chelonian  rib  would  lead  to  a  transference  of 
the  osseous  matter  from  the  superficial  portion  of  the  skin  to  its 
deeper-seated  layer,  and  henc(^  to  the  growth  of  epipleural  ])lates, 
vrhich  would  become  the  costal  plates  of  the  carapace.  The  granu- 
lations on  tho  shield  of  TnonyjL\  on  Buch  u  viuw,  indicate  dermal 
bones  like  those  of  4S^^ri7ts^whidi  were  originally  separate,  hot  have 
become  blended  with  the  bony  elemento  which  were  snbscqnently 
developed  beneath  them.  The  costal  plates  arc  said  to  be  always 
distinct  from  the  ribs  in  the  young  turtle  when  first  hatched.  They 
are  certainly  very  small  in  the  young  of  some  of  tlie  Trionychidfr,  in 
which,  indeed,  they  remain  throughout  life  but  partly  united  with 
the  endoskeleton.  It  is  the  impossibility  of  logically  accounting  for 
the  development  of  the  Chelonian  carapace  without  the  aid  cf  this 
hj-pothesis  that  leads  me  to  atteeh  more  than  ordinary  importance, 
in  a  classificational  point  of  view,  to  the  characters  presented  by 
FltepJwpJwruSy  which  are  only  otherwise  paralleled  by  the  small  spe- 
cimen which  Miiller  figures  from  the  Zeuglodont  Xiimestone  of  l^orth 
America,  and  by  the  living  f^pharijh. 

The  best-preser>  ed  vertebral  fragment  (PI.  XV.  fig.  2),  as  already 
mentioned,  is  Chelonian  in  its  characters.  A  few  scattered  plates 
occur  intimately  associated  with  the  vortobne.  Altogether  there  are 
fragmento  of  five  Tertobre  preserved.  None  shows  the  whole  of  either 
oentmm  or  neural  arch  ;  nor  do  they  collectively  throw  much  light 
Upon  each  other.  It  is  difficult  to  afGbm  with  certainty  the  region 
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of  tho  vertebral  oolmnn  to  which  thoy  belong,  though  I  am  disposed 
to  bdim  that  they  chiefly  pertain  to  fho  Utter  oerrioal  or  dorwd 
aeries,  and  there  ia  a  fragment  whidh  appears  to  be  a  portion  of  a 
lib.  The  b^t-preserved  specimen  rests  on  its  tide,  partly  imbedded, 

nnrl  fractured  through  its  leugth.  Tho  coiitmm  is  aV)Out  five  and  a  half 
centimetres  long,  or  but  little  longer  than  the  later  cerrical  vertebra) 
of  SpJuvyis.  It  shows  cancellous  tissue  along  its  fractured  length ; 
but  in  the  processes  this  is  covered  by  a  dense  outer  layer.  The  base 
ia  oonottre  in  length,  the  eonsteiotion  being  greatest  towards  iiie  an* 
tetior  end.  The  anterior  end  U  onpped  oonoavely,  ia  about  two  and 
a  half  centimetres  deep,  and  has  the  articular  cup  vertical.  The  pos- 
terior articular  end  was  a  well-rounded  ball,  and  considerably  deeper 
tlian  the  anterior  cup.  The  neural  arch  is,  unfortunately,  much  less 
perfect  than  the  centnim.  Projecting  anteriorly  just  above  the 
neural  canal  is  a  small  process ;  and  above  this  is  the  right  side  of  the 
neural  arch,  which  readies  forward  and  upward  in  a  wedge-shape, 
having  a  total  length,  from  ita  posterior  tennination  near  the  middle 
of  the  centrum,  of  about  flytf  centimetres,  and  gives  no  indication  of 
facets  of  the  zygapophyses,  which  could  not  liavo  looked  inward. 
Its  total  height  from  the  base  of  the  ceutrum,  as  preserved,  is  about 
six  centimetres ;  the  distance  for  which  it  extends  anterior  to  the 
articular  face  is  about  two  and  a  quarter  centimetres.  Prom  the 
middle  of  the  right  side  of  the  centrum,  at  about  its  junction  with 
the  neural  arch,  is  given  off  a  transrerse  process,  -which  has  a  strong 
eJLpanded  base,  is  somewhat  compressed,  and  db-ccted  outward  and, 
po.-<fiibly.  upward.  Tt  is  imperfectly  preserved  at  the  end.  Imper- 
fect aa  thc.so  indications  are,  they  amjdy  show  that  we  have  here  to 
do  with  an  animal  which  differs  not  only  generically  from  Ghelouians, 
but  in  characters  in  which  all  other  genera  agree. 

Two  other  centrums  are  exposed  so  as  to  show  IMr  length.  BotSi 
appear  to  be  moderately  concave  at  the  expanded  anterior  end,  and 
slightly  convex  at  the  narrower  posterior  end.  These  vertebrae  are 
about  five  and  a  half  centimetres  long.  One  shows  the  hinder  part 
of  the  centrum  to  bo  rounded  from  side  to  side  (it  probably  had  a 
descending  process  in  front)  ;  the  other  shows  a  strong  flattened 
transverse  process,  which  is  directed  slightly  forward,  and  expands 
a  little  anteriorly  towards  its  free  end.  The  fourth  fragment  indicates  a 
smaller  Tartebra,  apparently  etfudal,  which  has  the  prezygapophyees 
strong  and  short,  and  curved  apparently  forward  and  upward,  with 
the  facets  looking  inward.  The  points  in  which  these  vertebrsB  differ 
from  those  of  all  Chelonian  reptiles  are,  the  apparently  massive  cha- 
racter aud  great  development  and  height  of  the  neural  arch,  and  the 
extraordinary  transverse  processes,  which  are  both  aukylosed  to  the 
centrum* 

In  Chelonians  such  processes  are  limited  to  the  caudal  region ; 

but  in  no  respect  have  we  here  the  characteristics  of  caudal  vertebrse^ 
except  in  the  small  and  imperfect  specimen,  in  which  tiie  end  of  the 
centrum  appears  to  be  tlattened.  And  I  believe  the  evidence  rather 
points  to  the  vertebrs  belonging  to  the  later  cervical  or  dorsal 
region. 
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It  would  appear  that  tho  absence  of  transverse  processes  in  the 
Chcloniau,  "vrhile  so  characteristic  of  tho  crocodile  in  tho  dorsal 
region,  may  liave  come  to  l)e  correlated  with  the  mode  of  develop- 
ment of  the  carapace,  and  the  consequent  way  in  \s  hich  muscular  ten- 
sion on  tho  bones  was  changed  ;  but  when  ihe  carapace  is  free  from 
the  ribs,  the  condition  of  the  dermal  skeleton  is  not  Tory  dilFeient,  as 
xegards  its  position  and  relation  to  the  cndoskeleton,  from  what  obtains 
among  tho  Grocodilia ;  and  although  Sphargis  does  not  develop  trans- 
yerse  processes  for  the  attacliment  of  the  ribs,  it  must  ho  remembered 
that  Sphniyui  is  the  only  member  ktiowii  of  a  great  division  of  tho 
Chclonia  which  must  have  included  many  types  of  organization,  and 
is  probably  as  important  morphologically  as  all  the  other  Chelonia  pnt 
together. 

The  anterior  position,  however,  of  tho  transverse  process  in  one 
vertebra,  just  behind  the  anterior  articulation,  is  altogether  in  har- 
mony with  the  Chelonian  plan.  There  is  no  indication  that  the  ribs 
were  attached  by  a  dou})k?  articulation  to  the  transverse  processes, 
as  among  Crocodiles ;  but  then  it  may  be  remembered  that  this  cha- 
racter is  only  found  in  the  first  six  or  seven  dorsal  vertebne  of  the 
erooodilian  skeleton ;  so  that  I  am  led  to  helieve  that  the  many  points 
in  common,  both  in  soft  and  hard  structures,  which  flie  Cbalonian 
and  Crocodilian  orders  possess,  lead  us  here  to  look  for  a  group  which 
may  have  more  nearly  connected  them  than  any  form  previously 
known.  In  the  characters  which  can  hv  compared,  PsrpJuijihorus 
seems  to  mo  to  differ  more  from  existing  Chclonians  than  they  differ 
among  themselves ;  and  hence  I  believe  it  will  prove  to  be  tho  type 
of  a  new  sahordinal  divirion,  which,  however,  it  is  impossible  at 
present  to  fuUy  define  in  the  absence  of  tho  moro  important  osteo- 
logiciil  characters.  Tho  following  classification  gives  in  a  condensed 
form  tlio  results  to  which  this  study  of  PrStfJiopIwrKS  has  led  up. 

The  (  baracters  of  tho  carapace  indicate  three  primary  divisions  of 
the  Chelonian  order: — First,  tho 

AspiDOcnHi.YiD^,  comprising::;  Turtles,  Emydians,  and  Tortoises,  in 
which  the  Bymraetrical  bony  carapace  is  covered  with  symmetrical 
homy  scutes  ;  secondly,  tho 

PsLiooHELTms,  induding  tiie  TrionydiidsD,  in  which  the  aymme- 
trioal  bony  carapace  has  a  granular  sur&oe-stmotare,  and  is 
covered  by  an  undivided  dermic  substance  witiiout  scutes ;  and, 
thirdly,  the 

DtaiMATocnELYiD.E,  represented  by  the  SpliarLridae,  in  which  the  cara- 
pace is  not  develo])ed,  but  is  re]iresented  by  a  bony  skeleton 
within  tho  skin,  resembling  a  tessellated  pavement. 

The  remains  are  from  Xeudurfl,  near  the  river  March,  which  forms 
the  boundary  between  Austria  and  Hungary.  Yon  Hauer  refers  tho 
sandstone  there  to  the  second  or  upper  Mediterranean  series  of  tho 
Austrian  Necgene.  Fish-remains  frtnn  this  formation  have  been 
described  by  Count  Miinster  in  his  'Beitriigc  zur  Petrefacteukunde;' 
and  the  deposit  also  yields  Gasteropods,  Bivalves,  and  Echini. 

I  would  express  my  grateful  thanks  to  Frofcssor  Suess  for  direct- 
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ing  my  attention  to  this  remarkable  specimen;  to  Director  von  Haucr, 
not  only  for  facilities  afforded  mo  in  studying  the  specimen,  but  for 
the  beautiful  photegraphs  which  accompany  my  paper ;  to  Dr. 
•  Giinther,  of  the  British  Museum,  for  the  oi)portunity  of  demonstra- 
ting its  affinities  with  S£?iaryis  by  studying  the  skeleton  of  that  type; 
and  to  the  Oomual  of  tiie  Boyal  Sodety  for  aaabtuioe  In  iiiTirtigating 
ihiB  t^pe  in  a  distanb  looalily. 

EXPLANATION  OF  PLATE  XV. 

(Rgoiw  half  thft  nataral  nn.) 

9ig*  1*  Fortion  of  dermal  shiold  of  Fstphophonu  polygonus,  Yon  Meyer,  Bhowintf 
part  of  an  elevated  longitudinal  keel  with  polrcrounl  plates  on  eacn 
side  of  it,  which  differ  in  form  and  size  nnd  iiioBtly  show  s  superficial 
radiated  ornament.  Beyond  Hm  point  where  the  figure  1  is  pllieedt  the 
slab  shows  thin  plates  with  a  smooth  surface,  which  may  be  marginal, 
2i  Vertebra  from  the  under  side  of  the  slab,  jprobftblyoerrical,  fractured 
longitadinallj  said  imbedded  in  the  matns.  a.  Theaatevior  eop.  A. 
The  posterior  ball.  c.  A  fragment  of  the  neural  arch  blendea  with 
the  centrum,  d,  Tranarerse  process  of  the  right  aide,  imperfect, 
bub  directed  outward  and  upward* 

Discusaiov. 

Mr.  HviiXB  agreed  with  the  view  taken  by  Prof.  Sedejr  of  the 
specimen.  As  to  tlie  clMmfloaHnn  proposed,  it  wonld  require  carefol 

consideration. 

Prof.  Dttncan  said  the  possible  existence  of  something  like  ribs 
in  the  cervical  region  w;is  interesting.  The  position  of  tho  shoulder- 
girdle  in  the  Cheloniana  was  always  a  difficulty.  This,  however, 
might  have  been  gradually  assomed  doring  the  early  stages  of  life ; 
Imt  the  pretence  of  oerrieal  ribs  render^  the  former  existence  of 
the  soapola  outside  the  dorsal  ribs  and  in  front  very  diffleolt  of 
comprehension.  The  classification  of  tho  Chclonians  was  at  present 
in  great  confusion.  He  thought  there  was  muoh  to  be  said  for 
tho  simplicity  of  Prof.  Seeley's  classification. 

The  PaEiiiDENT  asked  whether  those  dorsal-shielded  forms  preceded 
tiie  others  in  time  or  not* 

Plraf.  Sbubt  said  the  specimen  was  Pliocene,  t. «.  the  newer  di* 
vision  of  the  Tertiary.  It  comes  from  Neudorfl,  noar  the  borders 
of  TTnngary  and  Austria,  and  is  associated  with  Manatees  and  Che- 
lonians  of  ordinarj"  type.  It  has  been  compared  by  von  Hauer  with 
Psephodervm  alpina  from  the  Trias  in  tho  Munich  Museum.  This 
specimen  he  hud  seen,  which  he  thought  was  not  a  Chelouian, 
i&ough  it  might  be  an  antecedent  fbrmor  even  a  fish,  like  Otiraeion. 
It  was  enrions  that  the  Mesosoie  Chebnia  belong,  so  far  as  known, 
to  those  with  well-devdoped  carapaces ;  bnt  he  thought  that  i8|pAarijfis 
was  nevertheless  tho  more  primitiTe  type. 
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"SI.  Besoripiioh  o/Fabis  o/IJI«  Sncnov  0/  an  Akomobor  Bbptils  . 
(Flattpodosaubus*  bobttstus,  Ow.)  from  the  Trias  0/  Qraafv 
Banrer,  8.  Aprioa.   By  Prof.  Owm,  C.B.,  r.G.8.,  &c.  (Bead 
April  28,  1880.) 

[I'LATw  XVI.  6i  xvii.] 

In  a  former  paper  f  a  dental  character  in  a  Trhissic  reptile  was 
indicated  which  is  repeated  in  some  implacental  members  of  the 
Mamiiuiliaii  class,  I  have  alt>o  noticed  a  like  corrospoudencc  in 
the  sktiletou  oi  aauthor  reptile  fru^  lUc  ^uuic  turuiatiou  iu  bouth 

Punuing  the  weilc  of  eztricatiiig  tironi  the  maknx,  Che  Triaflsie 

fossils  since  reoeiTed  from  that  oaatiiient,  indications  still  moie 
interesting  of  such  relationship  have  come  to  whioh  I  now 

proceed  to  submit  to  tho  Geolof^ical  Society. 

The  evidence  of  the  penus  and  species  01  extinct  reptile  above 
named,  forming  the  subject  of  the  present  paper,  consists  of  a  series 
of  seven  tfaorado  Teitebm,  with  portions  ol  nbs,  a  sternal  bone, 
scapula,  and  a  right  hnmems,  aU  cemented  to  a  mass  of  dark 
quartzose  rock*  A  smaller  mass  included  a  femur  with  the  pelvis ; 
but  the  latter  is  still  under  the  chisel.  The  parts  exposed  in  the 
lirst  block  are  the  left  !?ide  of  the  vertebne,  the  scapula,  and  the 
whole  of  the  anterior  surface  of  the  humerus,  which  bono  remain* 
attached,  somewhat  behind  its  natural  position,  to  the  tight  side  of 
iiie  present  portion  of  thorax. 

Verttiret. — Of  each  wtebra  the  oentmm  is  snboooapvenod  }  ifaA 
sides  are  slightly  concave  lengthwise  between  the  thick  canTQZ 
borders  of  their  mutually  articulating  terming  surfaces ;  these  avQ 
concave  (Tl.  XVT.  fig.  l,a,  b),  the  hinder  one  (h)  is  tho  deeper  ;  the 
extent  ot  intt  i  veiiing  part  of  ceulruni  (c)  is  <>  lines.  The  external 
smooth  lateral  t>uriacos  slightly  converge  towards  the  narrow  in- 
ferior one  (ib.  %.  2).  The  neorapophyidal  sutwe  (ib.  fig.l,  n  »')  k 
nnobUterated. 

The  ncurapophysis  (ib.fig.  3,n)  ascends,  slighily  contracting  antev^ 
posteriorly  and  inclining  outwards  to  form  a  neural  platform,  from 
the  sides  of  which  tho  usual  di-  and  zygapophyses  are  develojK'd  ; 
from  tho  summit  of  the  arch  rises  a  neural  spine,  n  .<f.  To  tho  dia- 
pophysos  of  two  of  those  vertebrtc  tho  proximal  portions  of  the  ribs 
(ibufig.  3,^Z)  are  attached;  these  are  snbcompressed  and  feebly 
ohannelled  along  the  side  exposed. 

The  following  are  dimensbns  of  the  aboTO  parts  of  the  tiunwc: — 

*  vXarifs,  broad ;  wovs,  foot ;  vavfios,  listtd. 

t  **  On  C^nodraoo  viajor,''  Quart.  Joum.  Geol.  Soe.  voL  sxsii.  1876,  p.  060 ; 
*  Descript  and  Illuitr.  Ostalogae  of  the  Foial  BeptiUs  of  S.  Afrios,'  4tOk  1876, 
p.  70. 

%  *  Deucriiiuvc  and  iiluslrulcd  CuLalogue,"  p.  48. 
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in.  lin. 

Length  of  centrum   1  6 

Height  of  centrum   1  9 

Depth  of  articular  terminal  concavity  (hinder). ...  0  9 

Height  of  neurapophysis  including  postzygapophysis  1  6 

Height  of  neural  spine   <  2  0 

Length  of  base  of  spine   0  9 

Length  of  aummit  of  spine   1  0 

Thickness  of  summit  of  spine   0  4 

Breadth  of  rib   0  6 

Thickness  of  rib    0  4  to  c| 

Length  of  bcst-prcsorvcd  rib    7  0 


Of  tile  genera  of  Sw^^Afiican  Triassic  Beptiliahifberto  indicated  hy 
Tertebnc  (not  differentiated  like  those  ii  the  '*  tvetaijpondyliau 
group),  the  following  cjifferanMW  are  ahown  in  oompariafm  ifit^  tii^ 

present  genus. 

The  dorsal  vertebne  of  Platt/podosaurus  arc  smaller  than  thq 
caudal  ouc^  ui  Massospondylm*  the  centrum  of  which  is  4  iu(:^e^ 
8  lines  in  length.  Of  Pachi/spondylu8*  the  pandal  oentmm  is  2 
inehea  6  U^ea  in  length ;  that  of  Lepta9pondylu9*  la  2  inohea  % 
linea  in  length.  The  formal  differences  of  thcae  eandala  suggest 
more  marked  ones  in  the  thoracic  Yertehno  of  the  aame  genera;  bu^ 
none  have  as  yet  been  received. 

The  vertebraj  of  Phiiupodosanrus  agree  more  closely  with  those  of 
the  Anomodout  lieptilia  {JJicyiiQclom  and  OiuUnodoujf ;  they  diflbr 
in  the  minor  depth  of  the  terminal  oonearitiea  from  the  vettehrn  of 

The  nearest  approach  to  the  biconcave  structure  of  vertobr®  ii^ 
existing  Mammals  is  shown  in  a  ilonotrcme  ( EcJiidna)  in  which  the 
unossified  part  of  the  ends  of  the  centrum  is  dense  at  its  periphery, 
and  presents  a  definite  cavity  (a)  lilUd  with  lluidj  (PI.  XVl.  fig.  4). 

Sternum. — Save  iu  the  instuuco  of  Kiatktphalm  uucrorJunas  and 
SmarotUrwin  Bumtt^  I  him  aonght  in  vain  for  endeneea  cl  sternal 
stmotnre  in  the  8.*African  reptUes  until  the  exposition  of  tlie  foniUi 
here  described* 

The  flat  symmetrical  bono  (PL  XVI.  fig.  5),  hexagonal,  but  with 
the  angles  so  rounded  off  as  to  approach  a  circular  form,  I  regard  as 
the  anterior  one  of  tho  sternum  proper,  repeating  in  its  largo  re- 
lative size  that  which  is  usually  unossified  in  modern  Lizards,  but 
which  Is  well  oasified  in  Omi^horhynclmt  (ib.  fig.  0,  ar<). 

*  TheV6rtebm'  r.'fcrreil  to  the  above  geticra  am  (loscrib-d  in  my  '  Cataloguo 
of  the  Foaril  Beptiliu  and  Pisces  in  the  Museum  ot  tho  iiuyal  Uollogo  of  Surgeons 
of  Snffland,'  4to,  1 8.'>4.  pp.  97-100.  Hiey  were  traasmtttod    Ch.  B.  H.  Orpen, 

Esq.,  M.D.,  from  thf  J^rakensberg  range  of  mountains,  near  Harri'-niitli.  CaiMj 
of  Good  Hope,  and  I'rom  a  format  ion  which,  by  indications  atlbrded  by  tno 
donor's  letter,  I  stated  to  be  **  probably  of  the  age  of  tho  New  Red  fcjaudBtonc  iu 
Buropc." 

t  Cat.  S.  Afr.  EeptiUa,  4to,  1876,  pp.  40.  1.3.  pis.  xxxv.,  Hi.,  liii. 
i  Op.  at.  p.  63,  pL  Ixix-  §  Ib.  p.  88,  pi.  Ixx.  &g.  )1. 

1  Art.ifiMio<iwsMfti^  (Tyelop.  of  inaiTol.  iii.  1841. 
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As  in  this  Monotrcmc,  the  foisil  shows  an  anterior  articular  sur- 
face (fr,  a')  indicative  of  a  more  advanced  "  ojnsU  rnal  "  cleiuent.  Tlio 
present  anterior  "  stcrnebcr  "  is  G  inches  iu  length  and  the  same  in 
breadth  ;  the  averaire  tliickness  may  be  put  at  |  an  inch,  increasing 
at  the  articuhir  parts  of  the  margin,  of  which  there  are  four,  the 
lateral  onea  (6,|6')  being  the  broadest,  swelling  anteriorly  to  a  thiok- 
ness  of  1{  inch.  The  swelling  in  the  lateral  (b,  h')  and  poaterior  (e,  e') 
joints  is  towards  the  outer  surfaoe  of  the  bime;  that  of  the  anterior 
joint  (a  a')  turns  towards  the  inner  one. 

The  outer  surface  is  feebly  concave  between  the  lateral  joints,  and 
also  between  each  of  these  and  the  hinder  joint ;  transversely,  below 
the  lateral  joints,  it  is  as  feebly  convex ;  the  surface  is  smooth,  with 
faint  lines  radiating  toiwaida  uie  periphery. 

The  inner  snrfaoe  is  feebly  eoncaTe  botii  lengthwise  and  across ; 
it  is  traversed  by  a  low  median  narrow  rising,  hardly  to  be  called  a 
ridge,  which  is  thickest  and  most  prominent  at  the  anterior  joint 
(a')  and  subsides  before  reaching  the  posterior  one.  This  latter  sur- 
face indicates  the  abrupt  diminution  of  size,  especially  breadth,  of 
the  second  sternal  bone  which  had  been  articulated  therewith. 

I  oondnde  from  the  charaeter  of  that  snrfiMe  that  sooh  oontimiation 
of  a  sternal  series  was  present,  as  in  the  Qhammleons  and  Soincs^and 
that  the  hinder  surface  (c,  c',  fig.  5)  gave  partial  attaehment  to  a  pair 
of  sternal  ribs,  not  total  as  in  Varantis  and  Iguana.  The  lateral 
articulation  {h,  h')  shows  two  convex  surfaces  divided  by  an  oblique 
groove ;  the  lower  and  larger  surface  probably  gave  attachment  to 
a  sternal  rib,  as  in  Onathorhynchus  (%.  G) ;  the  upper,  narrower 
and  longer  one  may  have  joined  the  eoraooid,  aa  in  Honotzemea. 
The  relative  size  of  the  foremost  stemsl  bone,  if  followed  by  a 
second  of  the  size  indicated  by  the  joint-surface  with  the  first, 
would  ofier  a  Monotrematous  character,  but  one  of  an  importance 
secondary  to  that  which  would  be  afforded  if  the  anterior  articular 
surface  of  the  large  sternal  lione  supported  an  episternal  element  of 
the  T-shaped  character  shown  in  both  Omithorhyiichus  and  Ediidiia, 
as  weU  as  in  Ichilujosawut  and  most  modem  Laoartians. 

Such  is  the  character  of  that  bone  in  the  kbyrinthodont  fosnl 
transmitted,  under  the  name  Batnuhosaums^  by  Mr.  A.  6.  Bain  to 
the  British  Museum,  and  subsequently  called  Saurostenion  by  Prof. 
Huxley*;  also  in  the  specimen  described  and  ligiired  by  mo  in  the 
*  Catalogue '  of  Mr,  Bain's  fossils,  on  which  I  was  at  that  time  en- 
gaged t,  and  in  which  it  is  noted  that  "  the  episternum  shows  the 
davicidar  groove  on  each  transverse  branch,  as  in  that  of  XoSym- 
iftodbn  l^iognaikK$''t'  '^^^  groove  for  the  reception  of  Ihe  davides 
is  more  feebly  marked  in  OnufhorJupicJius,  and  is  obliterated  by  eon* 
flnence  of  the  clavicles  therewith  in  old  animals,  as  in  the  specimen 
figured  by  Clift  to  show  the  resemblance  of  the  scapular  arch  in  that 
mammal  to  the  same  part  of  the  skeleton  in  Jch(hif08auru8§, 

*  Geologicul  Magazine,  toI.  v.  1868,  p.  2<>1,  pL  3d.  fig.  1,  c. 
t  •  Catalogue '  &c..  4to,  1876,  pi.  \xx.  fig.  o.  |  Op.  cit.  p.  G9. 

§  "  Ab  this  form  of  the  ■ternmn  (in  Ichth^osaurut)  mppmted  at  the  samo 
time  quite  new,  I  wm  very  anzioui  not  to  fall  uto  an  error,  sad  mm  reexamm- 
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The  correspoudenoe  between  the  aquatic  reptile  and  mammal  is 
not  earned  out  in  other  parte  of  tbe  skeleton  of  the  OdUdoIelitliyo- 
sanr;  but  in  the  older  form  under  deeoription  I  proceed  to  show 
siuih  in  the  scapnla,  in  the  chief  bone  of  the  limb  artaonlated  to  tiie 

'OOmplex  scapular  arch,  and  in  tlio  femur. 

tSc<qn(Ia. — In  the  'Catalogue  of  South- African  Fossil  llcptilia' 
two  types  of  scapula  are  described  and  figured — one  in  a  species  of 
Dicynodon  *,  the  other  in  a  species  oi'  KisticejjIuUusf.  In  the  I'oriuer 
the  marginal  aeromion  shows  an  aitienlar  snxface  for  junction  with 
.an  epiooraeoid;  in  tiio  dher  the  aeromion  is  a  thinner  plate  and 
does  not  show  snch  distinct  articular  surface.  The  resemblance  in 
these  reptilian  scapula  to  that  bone  in  the  Monotremes  is  noted in 
•the  '  Catalogue.' 

The  right  scapula  of  Platypodosaun's  (PI.  XVII.  figs.  1  &  2)  was 
transmitted  iu  a  separate  block  of  matrix,  which  had  been  detached 
from  that  endoeing  the  portion  of  the  thorax  with  the  right 
humerus ;  it  was  part  of  the  same  sikeleton.  In  clearing  away  the 
matrix  from  such  detached  scapula  the  terminal  phalanges  of  four 
digits  of,  most  probably,  the  fore  paw  of  the  snmo  reptile  were 
exposed,  adhering  by  a  moderate  thickness  of  matrix  to  the  inner  or 
coueavo  surface  of  the  scapula  (ib.  fig.  2).  This  bone,  as  in  most 
lieptilia,  and  as  in  the  Oniiiliorhyndiuif  is  narrow  iu  proportion  to 
its  length ;  a  portion  only  of  the  glenoid  soifaee  for  the  humerus  is 
f  reserved  at  the  distal  end.  The  length,  following  the  slight  bend 
ur  curve  of  the  bone^  is  10  inches ;  the  basal  breadth  is  4^  inches; 
but  some  portion  is  here  wanting  from  the  anterior  border. 

The  entire  bone  might  have  shown  a  breadth  like  that  of  KUtice- 
2>haluSf  but  more  restricted  towards  the  proximal  end  (a,  6)  as  in  IHcy- 
iwd<m§,  Sufficient  of  the  fore  margin  is  preserved  to  show  that  it  de-  • 
scribes,  as  in  Diajnodon^  a  sigmoid  eorve  convex  along  the  proidmal 
half  (a  to  h) ;  then,  as  the  bone  loses  breadth,  it  becomes  concave,  tins 
curve  being  deepened  by  the  production  of  the  spine  or  acromion,  c, 
which  terminates  the  fore  border  2\  inches  above  the  distal  articular 
surface.  But  the  fore  border  is  a.s  it  were  resumed  near  the  inner 
side  of  the  acromion,  completing  the  concave  curve  of  that  border  of 
the  scapula,  as  it  advances  to  the  coracoid  articular  surface,/, 
here  broken  away.  Hence  the  spine  or  acromion,  e,  may  be  said  to 
-rise  itxm  pert  of  tiie  anterior  border,  or  costa,  sand  also  from  the 


ing,  with  Mr.  Clift,  the  different  specimeiu,  when  it  struck  him  that  there  was 
aomething  similar  to  this  meduuumii  in  the  Btemum  of  the  OrnUharkyiiahm 

^mradoxiis"  (Home,  Sir  Everard,  in  '  Phil.  Tmns.'  1818,  p.  32,  plate  ii.).  The 
chief  value  of  the  papers  on  the  "  Fossil  Bemuins  of  au  Aniiual  more  nearly 
allied  to  Fishes  than  any  of  the  other  classes  of  animals"  (Phil.  GDrant.  181^ 
p.  576 ;  18KI,  p.  820 ;  1818,  p.  32 ;  and  1S1«),  p.  216,  FroUosaurtUi)  is  >'ielded 
by  the  accurate  and  beautiful  fipiiros  of  tlic  first  discovered  parts  of  IchthjO' 
«fl«r<  contributed  by  Williaui  Clilt,  F.K.S.  Cuvier  subsequently  pointed  out  the 
oorreepondenoe  of  the  laeertian  sternal  apparatus  with  that  of  MonotrcniieSr 
in  the  concludinfi  volume  (v.)  of  his  '  Ossemens  Fossiles'  (4to,  1824),  p.  290, 
*  Op.  cit.  pp.  47,  67,  pis.  hdx.  &  Izx.       t  Jb.  p.  53,  pi.  Ixix.  figs.  8,  9. 
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outer  surface  or  dorsum  near  the  anterior  costs.  The  reeemUanoe* 
of  fhe  soapnla  of  fhe  Platifpusio  tiiat  of  JPlati/podotawna,  in  general 
fbnn,  b  "  increased  by  the  origin  of  the  spine  oloae  to  the  anterior 
coata,  and  by  the  spine  being  bent  forwards  so  as  to  seem  to  fonn 

a  continuation  of  tlie  external  surface  of  the  scapula  "  *. 

The  external  surface  of  the  scapula  of  Plaii/podosavms  (Tl.'K.y  11. 
fig.  1)  is  Hat  iu  the  projdmal  or  basal  half  (a  to  6),  and  is  here  marked 
"by  longitudinal  atria ;  itlseoomea  oonvoz,  both  lengtliwiae  and  across, 
at  the  distal  or  hnmenl  half  (6  to  save  where  this  expands  beyond 
the  aeiomion  to  form  the  ooraooid  articular  surface,  f,  when  it  be- 
comes concave  both  transversely  and  longitudinally.  The  hind 
border  of  the  scapula,  c,  describes  a  concavity  along  its  dist:il  two 
thirds,  its  proximal  third  being  straight,  as  in  DioitKidon  hotiicij  s-^. 

The  inner  surface  (ib.  fig.  2)  is  longitudinally  concave,  fiattcued 
at  the  proximal  expansion;  at  the  distal  one  it  is  transTeraely 
convex,  sweUing  oot  to  ccntiihate  to  tiie  hnmeral  aiticolar  surface 
(ib.  d\  concaye  where  it  extends  upon  the  beginning  of  the  expan- 
sion for  the  coraooid  joint.  The  acromion  curres  towards  this 
aspect,  and  terminates  in  a  thin  border  (ib.  e'\  showing  no  sign  of 
an  articuhir  surface  for  an  cpicoracoid  or  clavicle,  such  as  exists  in 
Duynodoii  % ;  in  this  respect  the  process  resembles  rather  the 
acromion  in  KMc^haluB  §.  A  cLaTide  or  epistemal  may  have  been 
attached  by  ligament  to  the  free  margin  of  the  acromion  in  Phtty^ 

The  striated  su])erficial  markings  on  this  and  otlier  bones  of 
Ptnl iipodomxrvs  recall  the  character  of  those  in  some  Labyrintho- 
donts.  Practures  of  the  dorsum  scapula^,  or  convex  outer  surface, 
expose  a  lamellar  or  stratified  texture  of  the  bone  ;  the  surface  of 
sndi  lameUte,  exposed  beneatii  a  superficial  compact  layer  a  line  in 
thickness,  also  shows,  but  more  faintly,  longitudinal  strise. 

In  Echidna  (PI.  XVII.  fig.  4)  a  ridge  (jr)  is  developed  which  repre- 
sents the  "  scapular  spine  "  of  higher  mammals,  the  second  ridge  and 
process  (r  )  answering  to  the  s^n  niid spine"  in  Mi  fjatherium ;  the  latter 
alone  is  present  in  OniithorJu/mhus  as  in  Plaiypodomunis ;  but  the 
process  {e)  is  common  to  both  monotremes  as  to  the  Triassic  reptile  ; 
and  the  term  ^  acromion  "  is  here  applied  to  it,  as  by  Hecfcel|i  in  his 
Honotreme. 

Humerus. — The  humerus  (PI.  XVI.  fig.  7)  repeats  the  general  pro^ 
portions  of  that  of  Pareinsaurus*^ ,  with  characters  shown  in  the  samo 
bone  of  Cj/iiodraro*^^  and  Dicyvodon  ff  :  liut  its  breadth  in  jirojior- 
tion  to  the  length  is  exaggerated  by  a  special  j>roduction  of  a  tricipi- 
tal  process  (PI.  XVI.  fig.  7,  d)  near  the  subsidence  of  the  teretial 
lidge  (c').  This  additional  characteristic  is  not  developed  in  the  Capo 
reptilian  humeri  above  cited ;  but  it  is  present  in  t^t  bone  of  the 

•  Art.  Monotreniata, '  Cjcl.  of  Anat.'  vol.  iii.  (1847),  p.  376,  fig.  17$,^. 
t  Qp.  cit.  pi.  Ixx.  fig.  1.  X  Ih.  ib.  «. 

«  7S.  pi.  Ixix.  fies.  8  &  1),  r. 

jl  Ortiithorhynciii  poradv.vi  Deivriptio  Anatoniica,  foL  1826. 

•[  Catalogue,  nf  stipra  (-ito,  1876),  p.  11,  pi.  xix. 

**  i».p.l9,pl.nvii.  ft  i».p.48»pl9.zli&.xUi. 
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OrnithorTiiinchus  (PL  XTI.  fij;.  S)  and  Ecliidna  (fig.  9),  and  also, 
though  less  marked,  in  certain  Marsupials  {Phascolomys  *  and  Noto-^ 
iherium  f). 

The  length  of  the  bone  here  deeoribed  is  10|  inches;  iSt»»  hnadtli 
of  the  pro^unal  end  is  5|  inches ;  that  of  the  distal  end  is  5^  inches ; 
that  of  the  shaft  across  the  deltoid  (/,  f)  and  tricipital  {d)  crests  is 
t)|  inches  ;  below  tliese  crests  the  hrcadth  suddenly  decreases  to  2| 
inches  \  and  the  thickness  (ancoiio-thenal  diameter)  of  the  shaft  here, 
including  the  bridge  (A:),  is  2^  inches. 

The  head  or  prozxmid  artaenlatifHi  (a)  is  indioeted  by  the  gieater 
breadth  of  the  oonTOzity  of  that  end  of  the  bone  towards  the  ento- 
taberosity  (c),  where  it  is  Ij  inch  anooino-thenally  :  it  is  continned 
of  similar  charnctor.  ronj^h  as  for  s\Tidearaosal  articulation,  but  losing 
breadth,  to  the  u])]ier  border  of  the  ectotubcrosity  {h).  The  deltoid 
crest  (/),  continued  distad  and  ulnadfrom  this  tuberosity  for  an  extent 
of  6 j  inches,  swells  out  into  a  rough  surface  at  its  end  (/'),  the 
narrower  distal  border  of  whioh  extends  radiad  at  right  ang^  to 
the  axis  of  the  shaft  and  is  oontinncd  into  tho  bridge  of  bone  Qc) 
which  crosses  and  completes  the  cntopicondylar  canal  (o,  o). 

About  halfway  down  the  deltoid  ridij:e  a  second  lower  one  is  con- 
tinued from  its  thenal  margin  upon  the  thenal  surface  of  the  shaft 
(at  e,  e'),  and  represents  the  pectoral  ridge. 

The  border  of  the  humerus,  contmned  from  the  entotuberosity  (r), 
extendsobliquely  thenad,  distad,  and  nlnad,  sabsiding  upon  the  thenal 
surface  of  the  bone  (c ),  and,  with  a  similar  thenal  inclination  of  the 
deltoid  ridge  (6,  /),  renders  the  proximal  third  of  the  intervening 
thenal  surface  of  the  shaft  (n)  slightly  concave  transversely.  This 
surface,  regaining  its  level,  cnntinues  distad  uninterruptedly  to  the 
bridge  (/.).  The  thickened  border  or  production  of  the  humerus 
from  the  entotuberosity  (c)  may  be  regarded  as  the  teretial  lidge.  A 
distinet  process  (<l),  towhieh  the  tenn**  tricipital*'  seems  a|»plicable:^ 
extends,  independently,  from  the  radial  border  of  the  shaft  midway 
between  the  angle  of  the  entotuberosity  and  that  of  the  entepicon- 
dyle  (»).  Tho  extent  of  the  base  of  this  trieipitnl  ridge  or  proorss 
is  !?]  inches  ;  it  projects  |  of  an  inch  from  the  line  or  contour  of  the 
radial  border  of  the  humeral  shaft. 

From  the  least  radlo-iilnar  diameter  of  the  shaft  below  the  del- 
toid and  trieipital  crests,  the  bone  rapidly  expands  to  the  breadth 
above  noted,  which  indndes  the  ent-  (i)  and  ect-  (A)  epicondylar  pro- 
ductions. The  short  narrower  part  of  the  humeral  shaft  is  crossed 
oblifjucly  by  the  "  bridge {h),  the  length  of  which  may  be  put  at  2 
inches,  its  breadth  at  b  lines.  The  length  of  the  outlet  (o')  of  tho 
ontepicondylar  canal  is  1  inch  3  lines ;  its  breadth  is  o  lines.  The 
distal  jont-sorface  (/)  for  the  antibraehiitm  is  de>raloped  from  tiie 
ulnar  half  of  the  expanded  distal  end  of  the  bone ;  it  is  simply 
convex,  and  projects  mainly  from  the  thenal  surface  of  that  end. 
The  ectepioonidyle  (A)  is  ooniinaed  prozimad  as  a  thick  supinator 

*  KescarehoB  on  fche  FcarilBemaiosof  the  Bxiinct  Mmnmnls  of  kxa/baSa^i^^ 

I«77V  p.  "<•.!.  pi.  ci.  t  lb.  ]).  517,  pi.  cxxvii. 

I      tuturdiug  origin  to  part  of  the  triceps  muscle  iu  Mouotrcmes. 
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ridge  (7t')  anconad  of  the  ulnar  border  of  the  uarrow  part  of  the 
humeral  shaft.  The  entepicondylo  (i)  forms  au  angular  promineace 
tonniiiatuig  below  the  radial  border  of  the  shaft. 

The  above  diaraeters  of  the  humenu  of  the  PlatyjyodoKuiruM'hm 
been  deemed  worthy  of  detailing  by  reason  of  the  Monotremcii  pro- 
senting  the  ne^ircst  rrsrmblanco  to  such  bono  in  the  vertebrate  series. 

In  these  alone  {Oniithorhifnchux,  PL  XVI.  fig.  S,  and  EchiJmt,  ih. 
fig.  9)  have  I  found  such  characters  repeated,  but  even  with  some 
exaggeration  of  the  proportions  of  breadth  to  length.  The  crests 
(ft  c'y)i  continued  dirtad  and  palmad  finim  the  ento-  (c)  and  eoto- 
(6)  tuberosities,  leave  a  deeper  intervening  concavity  at  the  proxi- 
mal part  of  the  palmar  surface  of  the  shaft,  almost  defining,  as  by  a 
low  curved  ridge-like  border,  such  concavity  in  the  E<:hvh\a  (fig. 
9,  g).  In  both  gciiern,  also,  besides  the  ridge  extending  distad  from 
the  entotuberosity,  Cj  there  is  a  distinct  angular  tricipital  ridge  or 
process  {d)  as  hi  Platypodataurm ;  and  tfcds  is  moat  developed  in 
Echidna^  tiiough  with  a  minor  relative  extent  of  the  base. 

The  bridge  is  broader  relatively  than  In  Platypodotaurvs ; 
so  much  so  iu  Phiti/pus  as  to  carry  the  entry  of  the  entepicondylar 
canal  to  the  radial  margin  of  that  expansion  of  the  distal  end  of  the 
humerus  (fig.  8,  o).  The  transverse  (levc'lo])mcnt  of  the  bridge  is  so 
much  grcat-er  in  Echidna  (fig.  U,  k)  that  it  assumes  the  character  of 
the  pajmarsnr&oe  of  the  distal  ezpansionof  the  shaft,  and  the  entry 
of  tiie  oanal  is  pushed,  as  it  were,  quite  to  the  anoonal  suifiue,  and 
the  shaft  thus  seems  to  be  perforated  anteio-poateiriorly,  but  with 
tlie  normal  obliquity  (ib.  o'). 

Cuvier  notes  the  trnusferenee  of  the  articulation  (/)  for  the 
antibracbium  to  the  ulnar  portion  of  the  distal  expanded  end  of  tbo 
humerus  in  Ornithorhyndius  f,  and  also  the  proportion  of  the  distal 
breadth  to  the  length  of  the  homems  in  that  low  guosi-reptilian 
type  of  mammal :  both  charaeters  are  exaggerated  in  Etkidfia  (fig.  9). 

The  attachment  of  the  largo  "  teres  major  **  to  the  ridge  r',  and  the 
origin  of  a  considerable  part  of  the  "  triceps  extensor  cubiti "  from 
the  process  rf,  in  the  Monotreiiies  have  suggested  the  terms  applied 
to  these  ridges  in  the  humerus  of  Platijpo^losaimis. 

Manus, — Of  the  digits  cemented  to  the  concave  surface  of  the 
scapula  (PL  X  V 11.  fig.  2),  that  next  the  humeral  end  (v)  shows  the  un- 
gual, s,  and  middle,  3,  phalanges,  with  part  of  the  proximal  phalanx, 
on  the  hypothesis  of  the  phalangial  formula  being  the  same  as  in  fig.  5, 
copied  from  the  subject  of  plate  liL  figs.  2  and  3  of  my  <  Cata- 
logue 

♦  In  a  humerus  of  a  lartro  Di-i/nr-don  rocently  transmitted  by  "Sir.  Thos. 
Bain,  the  ossiOcation  of  the  '*  bridge, "  wliich  seeing  to  haye  ortendwl  dixt.Kl  t'ntin 
the  fore  part  of  the  shaft  along  the  primitive  ligament,  has  not  completed  the 
cuiiduence  with  that  part  at  the  distal  end  of  the  bridge. 

t  "La  poulie  articulaire  qui  est  ici  toiit-a-fait  globuieneo, so  troino  loin  d'etre 
plao6e  au  miheu  do  I'ofl ;  clle  est  un  tiers  t  xteme."  (Lemons  d  Anulomie  Com- 
port ed.  1835,  torn.  i.  p.  386.) 

J  Meckel,  *  Omithorhj/nrhi  fara'hxH  Descriptin  Anatomica,'  fol.  182();  Owen, 
Art  Monotrcmaia,  Cycloptedia  of  Anatomy,  vul.  hi.  1641,  p.  377,  fig.  180. 

§  Op.  cit.  p.  54,  pi.  lii. 
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The  ungual  phalanx  is  broad,  subobtuse ;  in  leugth  1^  inch,  ia 
Inwdlii  1  inch  2  Hues,  that  of  the  artioiilar  soifaoe  heing  11  lioes. 
The  phalanx  supporting  the  ungual  ono  is  9  lines  in  length  and  1 
inch  3  lines  in  greatest  breadth,  its  proportions  being  nearly  those 
of  the  second  phalanx  of  the  fifth  digit  in  the  Dicpiodon  (?)  above 
citod.  The  pair  of  convexities  near  the  distal  end  of  this  phalanx 
indicate  tho  bicoiulylar  trochlea.  The  outer  surface  is  abraded  from 
the  preserved  distal  end  of  the  first  or  proximal  phalanx,  iiiis 
digit,  which  I  take  to  he  the  fifth  or  ulnar  one  of  Platypodomunm^ 
ia  reladvely  shorter  and  thicker  than  in  the  Dieynodon(j)  dted. 

Of  the  nezt(foarth)  digit  (it)  a  smaller  fiagment  of  the  proximal 
phalanx  is  preserved.  The  sorond  phalanx,  2,  seems  to  have  been 
one  inch  in  length  and  the  same  in  broarlth.  The  ungual  phalanx, 
3,  is  1  inch  7  lines  in  length,  1  inch  1  lino  in  ])roadth ;  but  all  these 
phalanges  have  suffered  abrasion  of  the  exposed  (dorsal  or  anconal) 
Burfkce.  The  third  digit  (iii)  is  represented  by  the  ungual,  s,  and 
a  small  part  of  the  second  phalanx ;  the  former  is  1  inch  9  lines 
in  length  and  1  inch  5  lines  in  hreadth.  The  second  digit  (ii)  loses 
size  its  unji^ial  phalanx,  3,  is  1  inch  4  lines  long,  1  i)ich  1  line 
broad.  Of  the  first  or  radial  digit  there  is  no  trace  :  nor  would  the 
portion  of  matrix  supporting  the  above-described  bone  bo  big 
enough  to  have  preserved  any  trace  of  it  had  it  existed. 

Each  of  the  ungual  phalanges  are  slightly  deflected.  The  digits 
have  formed  part  of  the  left  fore  foot.  The  breadth  of  this  paw,  if, 
as  is  most  probable,  it  was  pentadactyle  (as  in  the  subject  of  pi.  lii. 
fig.  "2,  op.  cit.*)^  may  have  been  8  inches.  Fr  >m  the  relative  Icnp^th 
of  the  second  phalanges  of  the  fourth  and  tilth  dig^its  compared  with 
those  of  the  above  subject,  the  jtaw  oi  PlutfjinKlosaurus  seems  to  have 
been  somewhat  shorter  in  proportion  to  the  breadth.  The  ungual 
phalanges  are  more  ohtuse ;  the  terminal  angle  is  less  produced.  The 
claws  they  supported  ap|>ear  to  have  been  adapted  rather  for 
fossorial  work  than  for  prehension  or  laceration  of  a  struggling  prey. 

Though  relatively  shorter,  tho  nngiial  phalanp:es  have  more  the 
propoi-tions  of  those  of  Echidmt  than  of  OrnithorhifnchKS  :  they  differ 
still  more  from  the  homologous  phalanges  in  the  smaller  Cape 
reptile  (fig.  5). 

Femur. — ^At  the  time  (1876)  of  the  publication  of  the  Catalogue 
of  South- African  Fossil  ReptUia  I  had  but  insufficient  data  for  a  de- 
scription of  the  femur  in  any  species.  A  proximal  portion  of  that 
bone  in  Pareuisaurusf  (PI.  XVII.  fig.  S)  affords,  however,  a  few 
characters  for  comparison  with  the  femur  of  Plat ypodomurm.  Tho 
trace  or  impression  of  the  hind  limb  in  Saurosternon  indicates  the 
femur  to  be  somewhat  slender  and  a  little  longer  than  the 
humerus.  In  Saurosternon  Orie^^HiehnX  it  is  one  third  longer  and 
there  is  a  trace  of  a  third  trochanter"  projecting  slightly  from  the 
inner  surface  of  the  shaft;  but  no  such  trace  is  shown  in  the  speci- 
men of  8.  Bainii. 

*  On  this  bj-pothc^is  tlit>  ungual  ph^^l^»*  of  the  innennoit  or  flnt  digit,  i, 
ia  added  in  outUne  to  those  iu  fig.  4. 
f  Op,  cU,  1^,19.  t  B.  p.  Sb,  pi.  Isx.  fig.  4. 
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Of  JPtatypoda$cnirus  the  proximal  portion  of  the  nght  femur 
(PI.  XVII.  figs.  6  &  7)  was  succcssfoUy  extricated  firom  the  matrix ; 

it  is  7  inches  in  Icii^'th,  2  inches  across  the  longer  diameter  of 
the  shaft  at  the  fractuiTd  end.  liut  what  proportion  of  the  kiijr^h 
of  the  bone  is  preserved  caiiuot  be  determined  from  the  specimen  ; 
it  seems  to  indude  at  least  one  half  of  the  femur.  So  far  as  the 
shaft  is  preser\'ed,  there  is  a  feeble  trace  of  a  small  or  third  tro* 
chanter  dose  to  the  imier  border.  The  eater  or  great  trochanter  (ib. 
K  b')  is  remarkable  for  its  extent  longitadinally,  which  measures 
5  inches  and  terminates  abruptly  at  almost  a  right  angle  with  the 
shaft.  The  great  trochanter  is  relatively  shorter,  and  more  gradually 
aubsidos  upon  the  shaft,  in  J'(irei((mHr(is  ( ib.  lig.  8,  h').  From 
tile  upper  part  of  the  head  of  the  femur  {u)  what  answers  in  Pla- 
typodosaurus  to  the  neck  (fig.  6,  c)  extends  outward  more  hori- 
sontaUy  than  in  JPBtrtiataurus  (fig.  8,  c),  bnt  equally  withoat  any 
concavity  or  depression,  and  gradually  thickens  from  9  lines  across 
near  the  head  to  1  inch  at  the  proximal  end  of  the  great  trochanter. 
The  anterior  surface  between  tho  head  iind  great  trochanter  is 
slightly  concave  through  tlu'  ])rominence  of  these  juirts  ;  and  there  is 
no  eminence  dividing  that  part  of  the  anterior  surface  of  the  femur 
^*into  two  facets,"  as  in  I\treiasaunul*,  The  posterior  surface  of  the 
proximal  portion  of  the  liomur  of  Plaiypodotaurm  showa  a  pair  of  low 
broad  ridges  dividing  anoh  surface  into  three  subeqnal  longitudinal 
tracts,  the  two  outer  ones  of  which  are  slightly  concave  across.  There 
is  a  submarginal  trace  of  a  ''small  trochanter;"  but  such  process, 
in  the  femur  of  J'areiasaunis  (ib.  tig.  <S,/),  projects  like  a  tube- 
rosity tiom  the  middle  of  that  surface.  A  transverse  polished 
flection  of  the  fractured  end  of  the  fiBmoral  shaft  of  Platt/podoaaunm 
(ib.  fig.  6  a)  exhibits  a  weU-defiued  medullary  oayity  of  oorre* 
spending  elliptical  form ;  bnt  it  is  not  more  than  8  millims.  in  long 
diameter,  that  of  the  section  exceeding  2  inches.  In  ]*arcias(inru9 
the  peripheral  ])ortion  of  the  femoral  wall,  for  an  rxtent  of  al>ont  one 
seventh  of  the  long  diameter  of  tbo  h-iH-tion  uf  the  shaft  (ib.  tig.  ^  rt), 
presents  a  compact  structure  :  but  this  somewhat  suddenly  degene- 
rates into  a  looser  spongy  texture,  the  large  ceUa  or  interspaces 
of  which  are  occupied  by  a  matrix  susceptible  of  polish.  In  one 
portion  of  a  femur  of  Par.  lomhukm  the  looser  osseous  tissue  had 
80  far  decomposed  that  the  invading  matrix  simulated  the  ap]  ear- 
ance  of  a  large  medullary  cavity  ;  but  this  showt-d  in>lrnctivc 
evidence  here  and  there  of  oss(  ous  tissue,  and  i)rescnted  no 
bouudar\  such  as  is  shown  in  J' lah/j^wdosanrus,  where  the  true 
narrow  cylinder  is  aa  well  defined  as  in  Orni&iorynehiu  and 
Echidna  (fig.  9  a),  though  of  Icks  relative  size. 

The  fossil  femur  on  which  the  reptilian  genus  EusliltsaHntSy 
Huxky,  is  founded  is  Stated  to  show  "a  large  and  distinct 
medullary  eavitv  "t. 

• 

The  chief  characteristic  of  the  femur  of  Flait/^odosaurus  is  the 
•  Loe.  eit.  specimen  JJo.  S.  A.  28. 

t  Quarterly  Journal  of  the  Oeological  Society,  toI.  szxiii.  (1800)  p.  2. 
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longitadinal  extent  and  well-defined  ridge-like  form  of  the  great 

trochanter,  in  which,  as  in  the  proportions  of  breadth  and  i'ure- 
und-aft  compression  of  tho  proximal  (probably)  half  of  the  bone,  I 
iind  the  clisest  agreement  in  the  femur  (VL  XVII.  fig.  U)  of  tke 
Spiny  Monotrcrao  (lu-lnrlna  //y.s'fn.r). 

From  the  number  of  conospondences  presented  by  parts  of  the 
skeleton  of  Hatyj^odotawmt  with  homologous  ones  in  the  &kele« 
tons  of  the  two  existing  genera  of  Monotiematoas  Vamniala, 
one  is  led  to  lelieve  the  diy  work  of  comparison  by  spcculadons  on 
the  vast  number  and  variety  in  gradually  advancing  structure  of 
aip-breatiiing  vertebrates,  oftspriiii^s  of  the  strange  reptilian  forms 
exemplified  by  their  remains  in  Cape  localities— Imt  which,  of  old, 
may  have  spread  over  lands  extending  thence  northward  and  cast- 
ward,  now  in  groat  part  sahmerged,  and  of  whose  Inhabitanta  a 
remnant  still  snrviyee  and  Inrks  in  the  bnrrows  and  waters  of 
Aostrulia.  One  may  also  conjecture,  on  the  derivative  h3'xx)t]ie8iB, 
that  the  higher  class  of  Vcrtcliratcs,  as  represented  by  the  low 
ovox-iviparous  group  now  limited  to  Australasia,  may  have  branched 
oif  from  a  family  of  Tri^ussic  Ke})tilia  represented,  and  at  present 
known  only,  by  the  frogmoutary  evidences  of  such  extinct  kinds  as 
that  which  forms  the  subject  of  the  present  oonunnnieatioD.  Bat 
this  is  fax  from  being  the  only  instance  of  correspondences  between 
organisms,  both  animal  and  vegetable,  of  the  Cape  of  Good  Hope 
and  those  of  New  Guinea,  Australia,  and  Tasmania. 

The  European  Triassic  reptile  Placodits,  nearest  akin  to  the  Cape 
h'mlolhiuff'jit,  has  the  molar  dentition  of  each  mandibular  ramus 
represented  in  one  species  by  two  low,  broad,  subquadrato  plates 
which  overhang  the  border  of  the  bone  (PL  XYII.  fig.  11).  Li  the 
yonng  OmUhorhynehuB  the  molar  dentition  of  each  mundibnlar 
xamns  is  represented  by  two  similar  plates,  which  in  the  adult  be- 
fonie  confluent, also  overhanjxing  the  supjwrtingbone,  and  still  indica- 
ting' their  primitive  separation  (ib.  %.  IM).  True  it  is  they  are  not 
calcitied  in  the  duck-mole;  but,  in  otlur  more  significant  characters, 
this  mammal  alone  repeats  the  Placodout  oiica.  I  may  add  that  tho 
rami  of  the  mandible  in  both  divaricate  anterior  to  tiie  symphysis, 
as  in  figs.  10  &  11,  PI.  XYU. 

The  fossils  <rfJf%i<jif^)oc?o.v<^';ov'.s' which  have  afforded  the  furcfjoing 
fl('>criptions  were  obt.'iined  l)y  K.  J.  DiDin,  Ks({.,  of  Oaklands,  Clare- 
mont,  Cape  of  (Jood  Jlopc,  from  a  (juart/.ose  Karoo  formation  ^JoUO 
feet  above  the  sea-level,  near  Graatf  lleinet,  and  were  transmitted  a^ 
a  donation  to  the  British  Museum. 

PosTscBiPT  (British  Huseum,  22nd  Jnne,  1880). — have  received 
this  day  a  copy  of  a  "  Second  Contribntion  to  the  History  of  the 
Yertcbrata  of  the  Permian  Formations  of  Texas,*'  by  E.  D.  Cope 
(read  before  the  American  Philosophical  Society,  May  7th,  I'^^O), 
In  this  paper  the  Author  states The  order  'rhervi>i<>r/>/ui 
approximates  the  MuuDtialui  more  closely  than  any  other  division  of 
JLjjtilia.  This  approximation  is  seen  in  the  scapular  arch  and 
humerus,  which  nearly  resemble  those  of  the  Momiremata,  espe- 
cially Echidna^  and  in  tho  pelvic  arch,  which  Owen  has  shown,  in 
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the  subordfT  Anomodontia,  to  rescmlilo  that  of  the  Mammals,  aad^ 
as  I  have  point 0(1  out,  especially  that  of  Eihitlnn    (p.  I). 

In  tlie  pelvis  or  iJlrifnudtm  ilgriirp.'i,  described  and  ligiired  in  my 
•Descriptive  and  Illustrated  (Jataluguo  of  the  Possil  Keptilia  of 
Soafh  AMca '  the  sacmm  includes  six  ankylosed  Tertebrn,  and 
tbe  expanse  of  the  iliac  bones  resembles  that  in  many  ^aoental 
mammals;  whereas  in  Echidna  the  ilia  are  strong  bnt  narrow 
three-sided  cnlnmns.  and  tlie  sacral  vertebnT  are  but  three  m  number. 
The  chief  pelvic  charncteristic  in  that  Monotreme  is  in  the  marsup>iul 
bones,  which  exceed  the  ilia  in  length.  I  have  not  detected  any  "  . 
eTideuce  of  these  bones  in  the  South-African  reptilian  fossils  which 
I  have  hitberto  examined.  The  partiotdars  of  the  monotrematone- 
ofaaraeters  of  the  soapnlar  arch  and  humerus  are  not  given ;  nor  aro 
any  figures  of  the  subjects  of  Trofessor  Cope's  paper  aj^ended 
thereto  ;  but  the  author  states  (p.  'J'J)  "  that  they  will  appear  in  the 
Proceedinirs  of  the  American  riiilosophical  ISocict)*."  The  discovery 
of  the  fossil  marsupial  bones  in  the  pelvis  of  the  Permian  lieptile 
"will  bo  one  of  much  interest. 

[KXPLANATIPy  OF  TLATES  XVL  &  XVII. 
Plate  XVI. 

ria fypixlo.'au tKS  r</fms ^m. 

fig.  I.  Two  dorsal  vertebrsc,  Terticall^  aud  longitudinallj  Insected,  in  outline : 
f  natural  aiie. 

2.  TraDsrerw  Tertical  seetion  of  middle  of  eentmm,  in  outline:  |  nat. 

size. 

8.  Side  view  of  a  dorsal  rertebra :  f  nat.  size. 

4.  Yertieal  Icmgitudinal  motion  of  two  donwl  TWtdbns  of  EeJUdiia  ijfsMx  ^ 

nnt.  she. 

5.  Foremost  stemeber:  ^  nat.  ^ize.     a',  unttrior  articular  surface;  i', 

lateral  articular  surface ;  c',  posterior  articular  surface. 

6.  Steriunu  of  Orjiithorhynchi'^  jninuho-iis:  nat.  Bi7.e.    o,      anterior  arti- 

cular surface  \  6,  b\  lateral  articular  surface ;  c,  c\  posterior  articular 
surface. 

7.  ITmiu  rus;  mllicr  more  than  \  nnt.  «iz<'. 

8.  IL\xmeT\i^  oi  Orniihorhwu;hiis^aradoatus:  nat.  size. 

9.  Hninems  of  E^idna  fysMx :  nat.  aiie. 

Plate  XVII. 

"Fig*  1.  Scapula  of  ^tppoiemtmrvs,  outer  surfaM:  \  nat.  sue. 

2.  Scapula  of  riitfi/poduMiiirus,  inner  surface:  h  nnt.  .^izc. 

3.  Scajiula  of  Oruithorhi/iichvs  paradoAm,  outer  6urfnco:  nat.  size. 

4.  Sca|)ulft  of  Echidna  hytsfrix,  outer  surface :  nat.  riie. 

h.  Digital  bones  of  ihe  for©  paw  of  l)icffnod<m(i)t  outer  surface:  nat.  size. 

6.  Proximal  part  of  iV  niur  of  I'ltif t/podot aunts,  StotX  surfiice;  6a.  TranSo 

verse  section  t>f  tliafi  of  the  eame :  \  nat.  size. 

7.  Pruxiinal  part  of  femur  of  Plafypodoeavrt/.<,  inner  border  :  I  nat.  dxe. 

8.  I'roxinial  part  of  femxir  of  Pareiafaurits,  front  surface;  8«r.  TrnnsTener 

section  of  shaft  of  the  same:  ^  nat.  size. 

9.  Femur  of  BekidM  J^tfrix,  Aront  snrfaoe ;  0  a.  Tranirene  section  of  shaft 

of  (lie  Fame  :  nat.  size. 
V.  Femur  oi Echidna  hi/strix,  inner  border:  nat.  size. 

10.  Portion  of  right  nandibnlar  ramus  and  molar  teeth  of  Ornifkorhfnehv* 

parodv.rvs :  nat.  size. 

11.  P«)r(  ion  of  right  mandibular  ramus  and  molar  teeth  of  Placodua  Mcycri  v 

\  nat.  size. 

*  4lo,  1670,  pp.  -iO,  41,  plf.  xxxTi.  L  \xl\\\. 
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DiBOVSSIOV. 

Prof,  fimar,  after  having  liad  the  opportanity  of  inspedang  the 
spedmeni,  by  the  courtesy  of  Prof.  Owen,  had  arrived  at  the  sama 

conclusions  with  the  author  as  to  the  distinctness  of  this  form.  Ho 
was  not  able  to  follow  the  author  in  dividing  the  reptiles  of  South 
Africa  into  Binosauria,  Anoniodontia,  and  Theriodontia,  and  asked 
Prof.  Owen  to  stato  how  these  groups  differ  iu  vertebral  characters, 
tiiat  we  might  judge  of  the  alllmtiee  of  the  touSL  AH  seemed  to- 
him  to  show  remarkahle  mammaliaii  resemhlances,  as  had  heen 
pointed  out  by  the  author ;  but  he  doubted  whether  this  implied 
the  evolution  of  Mammalian  orders  from  the  South- African  reptiles, 
as  Prof.  Owen  had  suggested.  Ho  alhidedto  tlic  rcmarkablo  modifi- 
cation of  the  humerus  found  in  the  Mole,  as  throwing  light  on  th(jr 
singular  modifications  of  form  which  may  result  from  burrowin|;- 
haUts ;  and  suggested  that,  as  the  OrwUhorhywhui  4d80  hnirows 
and  its  resemblances  to  the  fossil  do  not  eiiend  to  the  more 
important  parts  of  the  skeleton,  the  e(»nie8|Mmdeiioe  was  more  Hkoly 
to  show  merely  that  the  humeral  bones  were  used  in  similar  waja 
in  the  fossil  reptile. 

Prof.  OwKN  stated  that  the  orders  of  the  fossU  reptiles  which  he 
had  established  were  distinguished  by  characters  as  well  marked  as 
those  which  separate  some  of  the  orders  of  Vmng  Reptilia.  In  reply 
to  Prof.  Seoley  he  pointed  out  that  the  form  of  the  phalanges  in  the 
form  he  described  are  those  which  belong  to  omnivorous  fiKrms  like 
the  Anomodonts,  and  not  to  carnivorous  forms  like  the  Theriodonts. 
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32.  0/i  certaiii  Geological  Facts  u<it)U'ssed  in  Natal  and  the 
Border  Cofktries  durvnj  nineffen  Vaint'  RcMdenct.  By  the 
Rov.  Gkorge  Blbncowe.  Communicated  by  liev.  KsN&r 
Griffith,  F.G.S.   (Read  November  19,  1879.) 

The  basal  strato  of  Natal  as  seen  on  tlie  ooaat  are  shales,  whidi  aM 

succeeded  by  sandstones  of  Tarious  kinds  for  from  twenty  to  twenty* 
five  Tuiles  into  the  interior,  after  which,  about  the  same  distanoe  of 

hard  shale  occurs  in  deep  beds.  The  valley  of  the  Ump^eni  seems  to 
have  been  formed  by  suljsidciice,  Jis  the  sandstoue  hills  in  the  neig'h- 
bourhood  are  greatly  cross-fractured,  and  the  beds  dip  with  an 
inclination  nearly  corresponding  to  the  surface-curve.  This  also  is 
the  ease  with  other,  flbaUower  valleys  in  the  neighbourhood.  There 
are  also,  on  the  upper  edge  of  the  northern  side  of  the  Umgeni  Yslley, 
clii&,  from  whioh  the  front  has  fiillen  away,  which  are  without  a 
dij>,  as  also  in  several  otlier  ca?es  in  the  vicinity  where  the  orif^nal 
level  has  been  maintained,  the  edge  of  which  presents  a  perpendicu- 
lar cliflf. 

In  the  northern  and  north-western  portion  of  Natal  a  white 
sandstone  prevails,  which  increases  in  the  thickness  and  hardness  of 
the  strata  as  wo  ascend.  This  part  is  a  succession  of  inegnlar 
ridges  and  tmncated  cones  in  every  variety  of  relative  position. 

The  present  configuration  seems  to  have  arisen  from  denudation,  as 
the  sandstone  of  the  remaiuinj?;  hills  is  horizontal  and  without  cross- 
fracture.  There  is  also  a  high  plateau,  known  as  the  Biggars-Berg, 
about  50  miles  long,  which  corresponds  in  structure  and  height  with 
the  highest  of  the  remaining  hiUs,  and  appears  to  be  the  only  part 
which  has  been  free  from  the  denuding  force  which  has  scooped  out 
the  valleys  and  abraded  the  hills  around.  The  substance  of  this 
plateau  is  sandstone,  in  strata  from  3  to  20  feet  thick  ;  and  it  has  a 
capping:  of  trap,  which  is  tjeuerally  basaltic,  and  from  20  to  100  feet 
thick,  while  the  average  height  above  the  surrounding  valleys  is 
about  1000  ftet.  The  snrronnding  TsUeys  are  thickly  strewn  with 
broken-np  trap  of  sharp  angularity,  which  forbids  th^  supposition 
that  the  fragments  haTe  been  brought  by  u  stream  from  a  <^i«^ftnftA^ 
but  implies  that  they  are  near  where  they  first  fell. 

In  this  district  of  horizontal  sandstone  the  coal  of  this  part  of 
8outh  Africa  is  found  ;  and  the  seams  reach  from  a  few  miles  to  the 
north  of  Ludysmith  to  the  edge  of  the  mountains  in  the  Lydenburg 
district  of  the  Transvaal,  and  east  and  west  from  near  Borke's  Drift 
to  a  few  miles  east  of  the  junction  of  tiie  Hooi  river  with  the  TaaL 
There  has  been  no  search  for  coal ;  and  it  is  only  known  where  it  has 
been  casually  seen  in  the  face  of  a  cliff  or  in  the  bottom  of  a  water- 
course. On  the  Dundee  and  adjoininp:  farm,  there  is  one  seam  10 
feet  thick;  and  about  a  quarter  of  a  mile  further  up,  at  a  perpendicular 


Digitized  by  Googlc 


WIZNESaKD  IH  HAXAL  AKD  IBM  BOBBBK  COUITXBIBB.  427 

beight^of  tram  15  to  20  feet  above,  tiiere  are  tbree  more  of  only  a 
ieiw  iDohee,  between  wbieh  aie  interposed  equally  thin  strata  of 
■andstona ;  and  a  third  of  a  mile  yet  further  \ip  there  ia  another 
seam  of  coal  7  feet  thick,  and  less  than  20  feet  in  perpendicular 
hcifj:ht  above  the  three.  ISeven  miles  wcst-by-north  from  Korke's 
Drift,  there  is  a  seam  3  feet  thick  ;  and  a  mile  south  in  liori/.onlul 
distance,  and  800  feet  above  it,  is  another  of  the  same  siisc ;  while 
a  mile  aiid  a  ball  north-wert  oeouxa  a  tbiid,  abovt  1000  feet  above 
tbe  first. 

In  nearly  all  the  lower  strata  id  these  sandstones  ooonr  circular 
boles  Avith  perpendicular  sides,  going  through  the  stratum  in  which 
they  are  found.  Generally  they  arc  from  8  to  14  inches  in  diameter ; 
and  in  a  ford  of  the  Ingoko  river  they  occupy  more  than  half  of  the 
borizontal  surface ;  but  this  is  a  special  case.  On  the  farm  Dundee, 
there  is  one  8  fee^  in  diameter  wbiofa  pasees  through  a  atratiim  of 
from  25  to  30  feet  These  holes  seem  to  bave  been  oecarioned  by 
deposits  of  sand  around  the  trunks  of  trees,  which  now  occasionally 
occur  to  the  depth  of  from  2  to  5  feet  in  one  rain.  The  thick  strata 
of  these  sandstones,  from  tlieir  homogeneous  continuity,  seem  to 
have  been  deposited  at  one  time,  whereas  in  the  smaller  basal  strata 
something  like  lamination  cao  be  detected,  and  occasionally  wave- 
prints,  neither  of  wbieh  have  I  seen  in  strata  of  20  feet  or  more. 
It  also  sometimes  happens  tiiat  a  very  hard  atratom  rests  on  one 
which  is  so  sofb  that  the  atmosphere  corrodes  the  fkco.  wliile  the 
rain  finds  its  way  through  the  fissures  of  tbe  superinenmhent  stiata, 
and  washes  out  largo  eaves. 

One  spur  of  the  liiggars-Eerg  terminates  about  a  mile  from 
Borke's  House,  which  stands  in  a  denuded  hollow,  with  an  isolated 
bill  of  tbe  same  struetore  as  the  Biggars-Berg  at  the  badk,  having  * 
all  its  sides  but  one  greatly  abraded.  Isnndhlwana  is  about  two 
miles  to  the  east  of  the  last- mentioned  hill,  and  is  the  final  one  in 
that  direction  which  stands  forth  with  perpendicular  sides  revealing 
its  structure,  while  its  ii-rcgidar  grads-covcred  trap  capping  presents 
the  appearance  of  a  couchant  lion,  as  if  keeping  guard  over  t}ic  biouy 
fron^BT.  About  two  miles  betow  Isandblwana,  immediately  below 
the  place  where  tbe  few  who  escaped  crossed  the  Boffido,  half  tbe 
river-bed  is  cut  out  of  a  solid  mass  of  trap,  not  columnar,  and  wbiob 
has  been  deposited  on  its  present  irregular  bed,  as  shown  by  a  curve 
of  diverse  grain  and  colour  on  its  perpendicular  face.  This  is  about 
]. 300  feet  below  the  basidtic  capping  of  Isundhhvana.  There  are 
several  other  deposits  of  trap  at  this  lower  level  within  a  mile  and 
a  baU^  those  near  tbe  mouth  of  tbe  Isibindi  partly  basaltic,  and 
in  a  indley  immediately  to  tbe  west  of  tiie  Buffido  in  boriiontal 
slabs. 

In  crossing  the  Tugela  by  the  Greytown  and  Biggars-Berg  road, 
we  ascend  a  valley  on  the  l^ggars-Bcrg  .side  which  for  a  distance  of 
three  miles  and  an  aggregate  tlcpth  of  ")"()  feet  lias  been  washed  out 
of  brown,  blue,  and  black  shales  of  tine  lamination,  and  exceedingly 
friable ;  and  near  tbe  termination  of  tbe  shale  tho  Umsinga  Mountain 
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11868  from  its  foot  to  more  tiian  1500  iotL  But  just  at  its  pram&t 
foot  a  maw  of  basaltic  trap  is  foimd  resting  on  the  shiQe,  and 
liounded  on  all  sides  but  its  pezpendieular  face  by  tho  sandjstone 
and  shale  of  tho  Umsing^a  and  an  adjoining  denuded  ridge.  Tho 
distance  from  the  top  of  this  isolated  mass  of  trap  to  the  base  of  the  , 
trap  capping  of  tlio  Umsinga  is  not  less  than  lOUO  feet,  and  tho 
horizontal  distance  is  not  more  than  a  third  of  a  mile.  The  sur- 
Toanduig  strata,  so  fur  as  seen,  are  unduBtnrbecL 

The  peculiar  feature  of  the  geology  of  the  Orange  Free  State  at  its 
line  of  jtmotion  witii  Natal  is  the  ezistence  of  isolated  mountains  of 
sandstone  and  trap,  which  rise  to  an  average  height  of  l'(.)00  feet  from 
the  present  general  level,  and  which,  from  their  sameness  of  structure, 
evidently  at,  one  time  formed  parts  of  a  coutinuous  line  of  country 
of  tho  same  elevation.  Through  the  wholo  of  this  line  there  Is  no 
evidence  of  Tolcanio  emption  by  which  the  trap  has  been  thrown  np, 
nor  is  there  present  indication  of  the  abrading  foroo  by  which  the 
intervening  mass  of  trap  and  sandstone  has  been  carried  away. 

In  the  south-western  part  of  the  Transvaal,  near  Pot^ihefstroom, 
occur  rounded  hills  of  a  creamy  white  stone,  with  small  red  specks 
like  oxide  of  iron  :  it  is  of  very  fine  granulation,  dense  and  opaque. 
It  is  not  Ume,  and  cannot  he  described  as  quartzose. 

In  the  central  portion  of  the  Transyaal,  the  Hagaliesberg  runs 
east  and  west  about  70  miles.  This  range  is  a  series  of  sandstone 
npheavals  presenting  a  face  from  400  to  700  feet  deep,  with  a  back 
slope  of  several  miles.  In  smne  cases  the  sandstone  in  this  range 
is  in  a  qimrtzosc  condition. 

About  30  miles  to  tho  north-east  of  tho  Magaliosberg  wo  enter  on 
the  large  metallic  deposits  which  are  the  distinguishing  mark  of  this 
part  of  the  TransTaial.  Mountains  of  very  rich  iron-ore  succeed 
i':\<-']\  other  up  to  the  Gold-Helds,  near  to  whieh  hematite  abounds 
in  horizontal  slabs  and  nearly  perpendicular  ridges. 

Pilgrim's  liest,  tlie  most  extensive  and  richest  Gold-field  yet 
wrought,  is  a  gorge  running  at  right  angles  to  the  lilydc  river,  in 
an  easterly  direction,  at  an  average  depth  of  1000  feet.  The  tops 
of  its  undenuded  sides  are  covered  with  lava;  all  the  gold  found  in 
it  IS  molten ;  and  ealcined  quarts  to  a  depth  of  18  inches  covers  the 
original  bottom  and  sides  of  the  excavation,  except  in  the  course  of 
a  stream  which  at  some  former  period  has  poured  with  great  violence 
through  the  gorge,  so  as  to  round  the  blocks  of  lava  with  which  its 
bed  was  covered. 

Immediately  over  the  ridge,  at  the  eastern  end  of  Pilgrim's  liest, 
the  Mac-Mac  diggings  are  found,  where  the  violent  aqueous  and 
Igneous  actions  just  r^erred  to  have  not  prevailed.  There  is  not  the 
capping  of  lava  to  the  hills ;  and  the  gold  found  here  is  bright  and 
angular,  as  though  it  had  just  fallen  from  its  quarts  matrix. 
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Prof.  T.  Rupert  Jones  said  that  altlionp:h  much  was  yet  to  be 
learned  about  the  district,  larj^e  anas  had  been  already  examined, 
and  tho  paper  added  something  to  our  knowledge,  though  several  of 
the  pheDonMoa  mmtkmed  In  it  bad  TMen  provfooaly  dMoribed.  He 
made  some  zemaikB  on  the  coal  framation  of  the  StonmtMig  and 
IfatiaL 
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98.  KoxB  on  ike  Oeeurrenee  of  a  jtbw  Spboies  of  levASODov  in  a 
Bruk^  of  ihe  Eixxbridqb  Ciat  oI  Cumitok  Hvbst,  ikree  miles 
WJ3,W.  of  Oxford,  By  Prof.  J.  Fkbstwich,  M.A.,  F.R.S., 
P.Gil.  (Bead  April  28, 1880.) 

Thb  fiiet  of  tiiis  diBooyery  was  briefly  announced  in  the  Oeologieal 

Magazine  for  May  1870  *.  Since  then  the  farther  progress  of  the 
works  has  made  clearer  the  position  of  the  seam  in  wliioh  tihe  bones 

TTcre  found,  and  shown  moro  exactly  its  relation  to  the  mass  of  the 
Kimnuridsjc  Cluy  and  to  the  overlyinjj^  Lower  (jlreensand,  about 
which  some  doubt  was  expressed  at  the  time.  This  and  the  many 
fossils  now  obtained  from  the  /yuanoelim-seam  must  removo  all  such 
donbt. 

The  pit  is  situated  to  the  left  of  the  road  leading  from  Oxford  to 

Cnmnor,  at  the  foot  of  an  outlying  mass  of  Lower  Oeensand,  forming 
a  conspicuous  and  isolated  hill  risincr  to  the  hi  iirht  of  about  oOi)  feet. 
The  Ximincridgc  Clay  here  immediately  underlies  the  Lower  Green- 
sand,  without  the  intervention  of  the  Portland  beds  (which  aro 
present  on  the  other  side  of  the  Thames  valley  at  Shotover),  and  restii 
upon  the  Coral  Bag,  which  crops  out  at  a  distance  of  a  few  hnndied 
yards  both  to  the  eastward  and  westward  of  tho  pit. 

A  tramway  driven  into  the  side  of  the  hill  led  to  the  discover}-  of 
tlie  ])ones  in  a  thin  sandy  scam  intercalated  in  the  clay,  and,  at  the 
point  where  discovered,  a])out  4  feet  deep  beneath  the  surface. 

Tho  prolongation  of  the  tramway,  however,  has  now  shown  that  the 
sandy  seam  runs  into  the  hill,  dipping  at  an  angle  of  from  3°  to  4** ; 
and  by  following  up  the  beds  till  they  pass  under  the  Lower  Gieen' 
sand,  it  is  evident  that  the  zone  to  which  the  Igwmodon  belongs  is 
about  34  feet  beneath  those  sands.  The  following  is  a  section  of 
the  pit  as  it  is  now  opened  out  in  a  length  of  340  ft. : — 


ikctxon  ai  Chmwr  Hunt, 


♦  Durint;  inv  rib-ipnce  from  Oxford  in  tlic  Entrter  of  that.  v6nr,  a  Wwfansxi 
took  a  bagful  of  boues  to  Dr.  Bollestoo,  who,  peroeiviug  tboir  importanoe, 
kindly  secured  th«m  for  the  geological  department.  Bverj  faciUtj  has  been 
afTordcd  me,  both  by  the  owner  and  the  manager  of  the  works,  to  follow  up 
this  interestinf^  di<«coyer>' ;  and  with  the  aid  of  my  assittaat,  JQjr.  Csudel,  ft 
large  portion  ul  the  bkeletou  has  now  been  reco?ered. 
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ft.  in. 

1.  Goane  femigiiUNU  Muub  and  grit  wiihoot         \      1.  Lower 

f08Mil9  ...*.«..*...  10 

o.  light-coloured  clay   2 

b.  Dark  gre>'  clay  witii  nomerocw  liiyen  of  small 
fi  rrwginous  and  calcareous  nodules  and  a 
layer  of  large  tabular  Septaiia,  few  fossils  ...  18  0 

e.  day  with  band  of  fonilo   14  0 

d.  Seam  of  cluy  Tutitii^fWl  with  white  nnd,  Igu- 

aiMxfoH-bed   0  3 

«.  Clay  with  large  Septaria,  lower  down    4  -f*/ 


2.  Kimmeridgt 
Clay 


There  is  reason  to  suppose  that  the  entire  skeleton  of  the  Igitano- 
don  was  lying  in  a  position  across  the  driftway,  in  the  thin  but 
conspicuous  scam  of  clayey  saiul  d ;  but  it  was  not  until  the  removal 
of  great  part  of  the  clay  that  attention  was  directed  to  it,  and  it 
was  with  difficulty  that  many  of  tlie  hones  vero  afterwards  re- 
ooTeied.  Unfortimately,  the  bones  of  the  head  snffered  mnoh  in 
the  removal,  and  have  been  in  great  part  lost;  but  the  yertebr® 
and  limb-bones,  wliich  are  harder  and  more  Compact,  are  bnt  little 
damaged,  and  have  })cen  in  great  part  recovered. 

Owing  to  the  sandy  and  jwrous  nature  of  the  seam,  the  shells 
found  in  it  were  mostly  decomposed  and  difficult  to  recognize.  One 
Tery  characteristic  shell  of  the  Kimmeridgo  Clay,  although  rare  in 
the  (hdbrd  distriot,  ooeois  here  in  piofbsion,  m.  Gryphaa  virgttla ; 
irith  these  have  been  found  small  species  of  AstarU  and  PleuroUh- 
mariOf  a  Trigoniaf  vith  specimens  <^  TrigoneUites  laiut,  and  IdnffuUt 
waits. 

From  the  clay  {e)  below  I  have  obtained  Luchia  lineata^  TrJitJii/o^ 
sannis  (vertebne  and  portion  of  ribs),  J*lit)saunu>\  JJahisaxnis 
(1  tooth)  ;  while  the  clay  above  (c)  is  rich  in  the  ordinary  fossils  of 
the  Kimmeridge  Clay,  as  the  foUowing  list  thU  sho v  : — 

Astarte.  Pinna  lanceolata. 

Oardiam  fltriatulam.  ^rada  depress. 

Lima.  Trigunia  txiltb.  j-.i. 

Modiola  bipartita.  Pleurotomaria  reticulata. 

Hyaeites  reourvus.  Ammonites  biplei. 

Pcctcn  iiitcsj'f-ns.  Serpula  tetrajjona, 

Pema  mytiloidea.  TertetMne  of  Pleaiosaumt. 

In  the  npper  bed  of  day  (h)  Ammonttea  lipUx  is  tolerably  common 

also ;  but  the  other  fossils  arc  not  so  numerous.   It  vomd  appear 

therefore  that  the  horizon  on  which  the  Tifuannf^on  occnrrod  is  in 
the  upper  part,  of  the  Kimmeridge  (  lay  nf  tliLs  district.  It  is  here 
greatly  reduced  from  the  great  development  it  has  south  in  Dorset- 
shire ;  for  at  Cumnor  its  total  thickness  cannot  exceed  from  70  to 
80  fbetk  Largely  as  the  Kimmeridge  Clay  is  worked  elsewhere  in  the 
neigfabonrhood  of  Oxford,  not  a  rangle  bone  of  Iguanodon  has 
hitherto  been  found  in  it;  nor  have  tb(  remains  of  L/itanodon  been 
found  clsewliero  lower  in  the  geological  seri(  s  than  the  Lower 
Grcensand  and  Wealden  strata  of  Kent  and  Sussex. 

One  otlier  instance,  however,  has  recently  came  to  my  knowledge 
of  the  occurrence  of  Ljuanoilon  in  the  O.xford  district.    In  the  tine 
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collection  of  fossils  from  the  Lower  Greensand  of  Faringdon,  made 
.by  Hr.  Bavcy,  of  Wantage,  and  now  in  the  Oxford  Mnaeum,  there 
are  two  teeth  of  Ljuanodon ;  but  whether  they  belong  to  the  Lower 
Greensand,  or  whether  they  are  to  be  classed  with  the  numerooB 

dcrivcfl  fossils  found  in  those  beds,  it  is  difficult  to  srv.  As,  however, 
they  are  not  much  worn,  they  may  be  of  Lower-fircensand  age. 

The  presence  of  drifted  wood  and  of  the  Iijuanodvii  in  tlie  Kim- 
meridge  Clay  of  this  district,  and  ot  large  Dinosaurs  at  Swindon, 
together  wiUi  the  great  thinning  of  this  formation  as  it  trends  to 
the  sonth-west,  render  it  probable  that  land  in  that  directbn  was 
not  far  distant,  and  that  that  laud  may  have  been  the  same  as  that 
of  the  proximity  of  which  we  have  more  distinct  evidence  in  the 
many  quartz,  slate,  and  ractamorphic  rock-pebbles  present  in  the 
Lower  Greensand  of  Fariiii^don,  a  dei)0.sit  evidently  fonned  near  an 
old  shore.  This  laud,  since  submerged  and  covered  by  upper  Cre- 
taceons  strata,  was  in  all  probabiltty  the  prolongatiom  of  tiie  old 
axis  of  the  Mendip  and  Ardennes,  the  elevation  of  which  took  place 
in  Permian  or  Triassic  times. 

My  friend  Mr.  llulke  has  kindly  taken  charge  of  this  Kimmeridge 
Irjuanodon  ;  and  in  his  hands  1  feel  sure  that  its  structural  peculi- 
arities and  relationship  -will  be  accurately  determined  and  ciita- 
blished. 

(For  Biscussiov  see  page  456.) 
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'64.  Iguaxodo.v  riiKsTWiciiii,  a  new  Siiccies  from  the  KiMMEBlDGS 
Clay,  diMiitrfirlsJud  frum  I.  ^Iaxixlli  of  th.  WcaJthn  Formaimi 
in  the  S.E.  of  Etu/himl  and  hie  of  Wi'/ht  bi/  Differences  in  tJie 
SJutpi"  o  f  tlu  Vtrlehral  Centra^  Inj  fetrer  than  five  Sacral  Vertex 
hrec,  hif  the  slinpler  Chanictcr  of  its  Tooth-sei'rattfir,  tjr., 
found) d  on  nnm  roi',^  fossil  rcmaiiis  httchj  discovered  «^  Cumxor, 
iuar  O.vfonl.  liy  J  *  W.  lIuLKE,  Eaq./pji.S.,  f  .G.S.  (Bead 
Apnl  28,  X5b0.) 

[Plates  XVIII.-XX.J 

These  fossils,  which  Mr.  Prestwich  has  kindly  given  rac  an 
opportunitj'  of  stiiflying,  arc,  for  tho  oxtont  of  information  they 
convey  of  nearly  every  part  of  the  skeleton,  tho  most  important 
Jguanodout  remains  yet  discovered  at  any  one  time  in  this  country. 
The  onl^  others  that  may  Tie  with  them  are  those  ia  the  weU-know*!! 
Mtu&telhan  MaidBtoiLe  Uock,  in  the  British  Hveenm,  and  some, 
laad  to  represent  the  greater  part  of  a  skeleton,  reported  to  haro 
been  found  several  years  since  at  Hastin^^.  proseinred  in  u  private 
collection,  inaccessible,  which  in  th(ur  entirety  have  not,  so  far  as  I 
can  learn,  ever  been  examined  by  an  anatomist. 

Tho  Cumuor  fossils  ap^joar  to  have  formed  part  of  on(!  skeleton. 
They  represent  an  animal  between  lu  and  12  feet  long,  which  had 
not  reached  matarity.  Its  head  was  lizard-liko,  with  largo  eyes 
and  capadons  nostrils.  Its  neck  was  very  flexible  -and  moderately 
long.  Its  trunk,  particnlarly  tho  thoracic  rcj^on,  was  long,  and 
borne  on  stout  clawed  limbs,  of  M  hioh  tho  hinder  were  much  stouter 
than  the  fore.  'Y\\q  tail,  of  considerable  lenp^h,  tapered  very  ^n-adu- 
ally  :  and  for  mori^  than  half  its  lenij^th  it  was  tlattcned  laterally. 

Uufoilunately,  as  too  frequently  hai)i)ens,  the  removal  of  the 
fbssils  by  the  nnskilftil  hands  of  day-labonrors  has  occasioned 
mneh  damage  and  many  losses.  The  hones  had  been  already  much 
emshcd  by  the  pressure  of  the  beds  ;  bnt  many  of  the  foiotnres  aro 
plainly  quite  recent.  These  injuries  arc  not,  however,  without 
some  oompensatinf;:  eircurast^inces ;  for  the  broken  surfaces  afford  in 
several  instances  an  insiiicht  into  structural  details  wliich  may  not 
be  so  well  perceived  in  an  entire  bone.  This  is  especially  exem- 
plified in  tlie  remains  of  the  head,  in  which  the  persistence  of  tho 
sutures  and  tho  broken  snrfaoes  discover  stmctural  details  not  to 
be  seen  in  the  skull  of  an  old  Iguanodon  from  Brooke,  Isle  of  Wight, 
which  I  brought  under  the  notice  of  the  Geol<^cal  Sociel  y  in  1870, 
and  which  till  verv  recently  was  the  only  frasrment  oL'  an  Ifruanodon 
skull  whirli  had  Inen  identified  and  fh'scriljed.  Taken  tojielher,  the 
Cumuor  and  Brooke  skulls  <:ive  a  nearly  eomjilote  nnatoniv  of  this 
part.  The  Iguanodont  dentition,  particularly  the  maxillary,  has 
never  heen  so  well  shown  as  by  these  Gamnor  fossils.  I  may 
instance  also,  as  matters  in  which  they  have  proved  highly  instruc- 
tive, the  variations  of  the  form  of  the  artionhir  surfaces,  and  idso  of 
Q.  J.  G.  S.  No.  143.  2o 
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the  length  of  the  vertebral  centra  in  diftcrent  regions  of  the  column, 
and  the  structure  of  the  tarsus. 

AooDTietion  of  the  value  of  this  skeleton  for  future  reference  has 
led  me  to  describe  w-ith  greater  detail  than  would  otherwise  have 
appeared  necessary  aU  the  more  important  and  better-preserred 
bones. 

Ht-atl  (PI.  XVIII.). — This  hiis  been  mucli  crushed  and  broken. 
The  most  instructive  pieces  preserved  are: — I.  1*,  the  basis  crauii  as 
far  forward  as  the  liyix)phy8ial  fossa ;  L  9,  the  back  of  the  skull,  and 
the  sides  nearly  to  the  same  extent  as  the  base ;  1. 10,  the  frontal 
region ;  1.  3, 4,  8,  parts  of  both  mandibular  rami ;  and  L  2, 5, 6,  ?« 
portions  of  both  maxilla^. 

I.  1  (PI.  XVIIT.fii;.  :V). — Tho  ofcipitnl  condyle  has  a  reniform  out- 
lino.  Its  horizontal  diameter  is  Ul>  milUms.,  and  its  vertical  diameter 
19  millims. :  these  fit^Mires,  however,  do  not  convey  a  correct  idea  of 
the  extent  of  the  articular  surface  in  these  directions,  which  is  greater 
■vertically  than  horisontally,  an  arrangement  maniifSBBUy  associated 
with  greater  angular  mobility  of  ihe  head  up  and  down  thim  £rom  side 
to  side  at  the  occipito-atlantal  joints.  Th»  condyle  is  composed  mainly 
of  the  basioccipital  bone :  and  only  a  small  part  nt  its  upper  latcr.U. 
corners  is  contributed  by  the  exoccipitals.  At  the  under  surface  a 
well-marked  constriction  or  neck  separates  the  condyle  from  a 
pair  of  blunt  pyramidal  swellings,  divergent  downward  extensions 
of  the  basisphenoid,  corresponding  in  position  to  the  posterior  pair  of 
similarly  placed  processes  in  extant  lizards.  Against  these  basi* 
sphenoidal  swellings  laterally  the  neck  of  the  basioccipital  expanding 
abuts,  whilst  medally  it  Kcnds  downw  ird  ^  and  forwards  a  short 
trianq:nlar  proccs?  wliich  is  wedged  in  between  them.  This  inter- 
cilated  basiocpi]iital  ])rocess  has  a  low  but  bharp  median  crest, 
which  Ix'pins  behind  in  a  small  pit,  pierced  by  vascular  ibramiua 
lying  in  front  of  the  condyle. 

When  the  front  of  the  fossil  is  viewed  there  are  apparent^ 
let,  below,  in  the  middle  line,  a  rough  broken  spot,  about  12  millimfl. 
in  diameter,  where  the  prssphenoid  has  been  split  off ;  2nd,  above 
this  a  smooth  vertical  groove,  ending  above  in  the  floor  of  the 
cranial  cavity — it  ia  obviously  the  posterior  half  of  tlie  hypo- 
physial pit :  ^ird,  on  cacli  side  of  this  an  uneven  fractured  l)0ss,  the 
junction  of  all-  and  basisphenoids.  Each  of  those  bosses  overhangs 
the  smooih  antero-lateral  surface  of  the  descending  basisphenoidal 
process  of  its  own  side ;  and  there  is  immediately  beneath  it  a 
winding  groove,  which  rises  jfrom  the  undorsurface  of  the  skull 
through  the  hypophy  sial  fossa  into  tho  cranial  ca\'ity  ;  it  marks  the 
course  ot  tlie  int<^rnal  carotiil  artery.  A  branch  of  this  groove, 
ascondini^  in  a  backward  direction,  enters  the  skull  through  the 
principal  foramen  of  exit  for  the  fjth  nerve. 

PL  XVIII.  fig.  4.    Tho  upper  surface  of  the  fragment  exhibits  ( 1)  a 
mesial  trough,  the  floor  of  the  skull-ohamber.   This  is  7*5  millims. 
wide  near  the  foramen  magnum ;  and  here  it  is  relatirely  deep.  An- 
teriorly it  widens  through  a  space  of  28  millims.,  and  then  deepening 
*  These  nnmbeM  reflBr  to  lafad«  attaohed  to  the  bonce. 
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forms  a  wide  doprc^s.sion  behind  the  hy]x>physial  pit.  Throuj^boul  this  • 
extent,  milliins.,  tlio  linor  of  the  skull-chambor  consists  of  a 
continuous  unbroken  piece,  basioccipital,  which  ends  tapcringly  in 
the  dcpressioa  behind  the  sella  turcica,  where  the  bisisphenoid 
comes  into  view.  Thus  the  haaioodpital  oyerlaps  the  basisphenoid 
on  the  upper  as  also  at  the  under  surface  of  the  basis  cratiii. 

Laterally  the  pennstence  of  the  raturea  and  the  foramina  of  exit 
for  the  cranial  nerves  makes  it  possiltlc  to  recognize  in  Hcquence 
from  beliind  forwards  (1)  a  stout  oxoccipital,  articnlatinp  witii  the 
basioccipital  by  a  broad  serrated  suture,  and  perforated  at  10  millims. 
from  the  foramen  magnum  by  an  aperture  (for  Dth  nerve?).  At 
6  millinu.  in  front  of  this  opening  is  another  groove  (for  trans- 
nuasion  of  vagus?),  which  appears  to  pass  out  between  the  ex- 
occipital  and  opisthotic  elements.  This,  again,  is  followed  by  a  very 
conspicuoufl  «?roove,  situated  wlierc  the  b:isiocci{)ital  attains  its 
gjeatcst  breadth  in  the  floor  of  tlio  skull -chamlier.    In  front  of 
this,  where  the  prootic  might  be  expected,  is  the  upper  o])ening  of 
u  deep  funuel-Jike  pit,  which  descends  within  the  bone  into  the 
basisphenoidal  process  visible  at  the  under  soifkee  of  the  sknU.  The 
fonn  of  this  pit  does  mob  suggest  tiie  trIUMmission  of  Uood-Tessel  or 
nOTYe,  whilst  its  situation  hints  that  it  may  be  part  of  the  auditory- 
apparatus,  possibly  an  air-channel  connected  with  the  middle  ear. 
The  faet  that  in  old  Ic^uanodons  the  inferior  basisphenoidal  ])ro- 
cesscs  arc  hollow  sinuses  *  favours  this  conjecture.  A  wide  groove, 
presumably  for  the  3rd  nerve,  separates  the  prootic  and  ali- 
sphenoid. 

Fl.  XVin.  fig.  5.  Another  fragment  (1. 9)  comprises  the  back  of 
the  skull  and  the  sides  nearly  to  the  extent  of  tiie  {neoe  just  described. 
The  supraoccipital  bone  contributes  the  upper  boundary  of  the 
foramen mngnum,  as  in  extant  lizards.  It  is  not  exeluded  from  this 
opening  as  in  crocodiles — a  point  worthy  of  Udtice,  because  the  general 
form  of  the  occiput,  so  far  as  it  can  be  recognized  in  this  fossil,  has  a 
crocodilian  likeness,  as  has  also  the  occiput  in  my  Brooke  Iguanodon- 
skuU.  Immediately  above  the  foramen  magnum  the  snpraoocipital 
stretches  laterally  ontwards  to  what  are  apparently  the  roots  of  a 
stout  suspensorinm  (for  the  attachment  of  the  qnadrate  bone),  now 
broken  off  and  missing.  This  is  a  strong  pyramidal  projection, 
below  constructed  of  the  blended  cxoccipital  and  o])isthotic,  above 
of  another  and  distinct  part,  parietal,  between  these  two  parts  of 
the  Buspcusorium  the  broken  surfaces  show  that  an  extreme  lateral 
extension  of  the  supraoccipital  intrudes.  Nearly  at  its  mid- 
height  this  bone  abruptly  contractB  to  less  than  half  its  breadth 
below  (22*5  millims),  being  here  encroached  on  and  overlapped  by 
the  suspensorial  extension  of  the  parietal.  This  narro^ving  of  the 
supraoccipital  is  too  symmetrical  to  be  altogether  due  to  the  down- 
ward crushing  of  the  parietal  upon  it ;  it  lias  douljtless  been  in- 
creased by  this,  but  is  a  natund.  conformation.  The  upper  })order 
of  the  supraoccipital  is  a  smooth  edge,  which  was  connected  with 

*  I  learned  this  manv  years  ago  in  a  fragment  of  a  verv  large  old  skull 
in  dw  eoUaetimi  of  the  ]{er.  W.  Iraz. 
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the  parietal  by  sutura  harmuniu.  lu  their  present  mutilated  state 
the  back  and  sides  of  the  itkull  form  a  rade  pyramid,  of  which  tho 
base  of  the  posterior  face  is  notched  by  m  foramen  magnum, 
and  the  postero-extemal  ang^  is  formed  by  the  tnincated  ans- 
pensorium. 

The  lowor  bonlriH  of  tho  fragmeut  corn  sjioml  to  tho  u]>i)er 
borderer  uf  tlie  b:usis  1 1  aiiii.  They,  as  also  the  inner  surface,  ore  too 
mutilated  tor  description. 

.  On  tiie  under  surface  of  the  base  of  the  right  saspensorium  is  ft 
wide  grooTC,  directed  forwards  and  inwards.  It  exactly  corresponds 
to  the  groove  in  the  Brooke  skull  to  which  I  lately  leforred,  and 

may  have  Iodised  the  stapedial  rod. 

PI.  XVIll.'  tip^H.  1 ,  1>.  A  third  fra-inent  of  the  skull  (No.  I.  10) 
comprises  pnrts  of  the  parietal  and  frontal  regions  and  of  the  left 
temporal  bar.  The  parietal  bone  is  single ;  no  trace  of  mesial  suture 
joining  two  halves  is  diBcemible.  This  is  mentioned  because  in  tho 
nearly  allied  Hifi>sihphodon  such  a  suture  has  been  thought  to  exist. 
The  sides  of  the  parietal  fall  off  steeply  from  a  sharp  median  crest, 
which  divides  in  front,  and»  bending  outwards,  here  forms  the  an- 
terior 1  )oundaiy  of  the  upper  tempoEftl  opening.  There  is  no  parietal 
foramen. 

The  frontal  is  a  very  large  bone.  Its  lenfjth  contrasts  strongly 
with  the  shortness  of  the  parietal;  and  its  breadth  also  is  con- 
siderable. It  consists  of  two  halves,  united  by  a  very  evident 
mesial  suture.  Its  structure  is  very  dense,  without  diploe.  Deep 
suttiral  indentations  in  it^  right  border  show  that  tho  prtc-  and 
postfrontal  bones  approached  each  other  very  closely,  and  that  the 
frontal  fornu-d  ])ut  a  small  l)art,  if  any.  of  the  ii])))er  border  of  tli<' 
or])ital  oj)l'ninJ^^  The  directl.Mi  of  tliis  <»j)euing  is  lateral,  as  in 
lIi/imL)phudou  rou'ii.  The  poslfroului  bone,  of  whicii  part  is  pre- 
served on  tho  loft  side,  is  large ;  its  smooth  orbital  surface  is  of 
great  extent ;  a  long  slender  branch  separated  the  orbital  from  tho 
lateral  opening ;  and  a  stronger  branch  directed  backwards  forms  tho 
anterior  part  of  an  upper  temporal  bar. 

In  the  undersurface  of  the  fossil  arc  shown : — 1  st.  A  large  lozenge- 
shaped  mesial  hollow — the  vaulted  inner  sin  face  of  the  skull — 
narrow  beliinJ,  in  its  longer  diameter  sinuous,  Ix'ing  convex  in  the 
parietal  part  and  concave  in  the  frontal.  Its  greatest  width  coin- 
cides with  tho  parieto-frontal  sutare.  It  narrows  anteriorly  at  a 
line  drawn  through  tho  middle  of  the  orbital  sur&oes ;  and  in  front 
of  this  it  expands  for  the  reception  of  the  olfactory  lobes,  which 
must  have  been  of  large  siye — an  inference  confirmed  b}'  the  large 
size  of  the  nasal  chambers,  indicated  by  the  great  size  of  the  nasal 
bones.  2nd.  Laterally,  on  each  sid'*  of  the  vault  of  the  .skuU- 
chambcr  is  tho  smooth  orbital  surface  lately  mentioned.  Its  out- 
line is  roughly  rhomboidal.  Tho  two  outer  sides  are  sutural,  ss 
already  mcutioncd,  and  affordod  attachment  to  the  pno-  and  post- 
frontal  bones.  Tho  inner  angle  is  rounded  off,  and  the  two  inner 
sides  make  a  cont  ijiuoug  curve.  Of  this  the  posterior  ^  are  broad  and 
rough  OS  if  sutural,  and  the  anterior  i  is  :i  thin,  smooth,  free  crest. 
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Jfttrs. — Otlior  very  insfnirtivo  pieces  nro  frnj;;mcnts  of  both 
maxilkc  and  of  both  rami  of  tlie  mandible.  Of  the  maxillary  frag- 
rjonts,  No.  I.  2  is  the  most  important.  Its  outer  alveolar  bonier, 
77  millims.  long,  has  iu  this  space  tho  sockets  of  0  teeth.  Imme- 
diately above  this  free  border  the  bone  rapidly  swells,  acquiring 
greater  bulk  mamly  by  expansion  of  the  outer  wsll,  which  in  its 
uscont  slants  ontwards  as  hii^h  ns  tho  level  of  tho  upjwr  ends  of  tho 
tooth-fangs,  above  which  it  ai^in  falls  inwards  towards  tho  mesial  ,*  , 

line.    The  inner  dentary  wall,  a  thin  plate,  rises  nearly  vertically  *^ 
Its  high  a-s  the  tops  of  the  tootli-fangs,  above  which  it  bends  out- 
wards, and  joins  the  outer  wall  of  the  bono.  ' 

AboTe  tho  alveolar  border  the  enter  snrfaeo  of  the  maxilla  is 
pierced  by  a  row  of  eonspicnons  fbramina,  as  in  Meffdlosaurus  and 
Teratotaunu, 

Yiewcd  from  above,  this  piece  of  the  upper  jaw  shows  at  the  inner 
side  the  smooth  surface  overlying  tho  ends  of  the  tooth-fangf,  and 
outside  this  a  ])rokcn  edge.  Jsearly  in  the  mi;!ilk'  of  this  edge, 
sunken  in  the  substance  of  the  base,  outside  the  looth-fungs,  is  a 
remarkable  oval  pit,  13  X  7  millims.  across  at  its  mouth,  and 
7  xnilUms.  deep.  Its  sorfiioe  is  perfectly  smooth.  The  outer 
margin  of  this  pit  is  a  thin  smooth  lip,  which  apparently  formed  tho 
lower  border  of  a  con j  ugatc  anteorlntal  foramen .  Behind,  at  its  inner 
side  in  the  dry  skull,  the  i)it  seems  to  have  freely  communicated 
with  the  naso-buccal  cavities.  Ik'hind  the  pit  is  a  nsirrovr  ,i:r*"'Vc,  of 
which  the  outer  border  is  a  thin  natural  edge.  I  am  disposed  to 
view  this  as  the  sutural  groove  for  tho  reception  of  the  front  margin 
of  tho  jngal  bome»  '^cih  fixes  this  as  tho  hinder  part  of  the  jaw,  and 
shows  it  to  belong  to  tho  left  side.  In  front  of  the  pit  is  another, 
wider  groove,  the  significance  of  which  is  lo&s  obvious.  In  the  picco 
>'o.  I.  5,  the  corresponding  part  of  the  right  maxilla,  this  gwMxc 
descends  from  the  pit  forwards  in  the  substance  of  the  jaw  outside 
the  teeth.  Near  it.s  origin  it  is  joined  by  a  lesser  channel,  which 
begins  not  far  from  the  jngal  groove  near  the  back  of  the  jaw,  and 
passes  forward  skirting  the  inner  border  of  the  pit.  Do  this  pit 
and  the  wide  groove  proceeding  from  it  represent  the  glandular 
grooves  which  tunnel  the  hinder  part  of  the  maxilla  in  the  crocodile? 
May  the  lesser  groovo  have  transmitted  a  branch  of  the  5th  nerve? 
Less  imperfect  materials  must  answer  these  questions. 

Tho  fossils  Xo.  T.  .*>,  4,  are  considerable  portions  of  the  mandibular 
rami.  They  luive  llio  wdl-knowu  Jguanodont  form,  and  do  not 
need  particular  description. 

DinUtim, — In  overy  piece  of  maxilla  or  mandible  holding  teeth, 
the  crowns  of  all  which  woro  in  full  wear  at  the  animal's  death 
have  been  broken  off  and  lost;  in  most  instances  this  damage  is 
((uito  recent;  but  their  fanu's  and  the  germs  of  many  suecessional 
teeth  n  tnain,  and  these  afford  veiy  complete  information  rcsprrting 
the  perfect  form  of  the  mature  upper  and  lower  tcctb^  wid  also  of 
tho  manner  of  succession. 

Tho  crown  has  the  compressed,  ridged,  serrate  form  characteristic 
of  the  family  Ignanodontidte. 
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Upper  Tcrtli  (1*1.  XVIII.  fig.  7). — The  crowns  of  these  are  narrower 
ill  the  aiit(  iu-po6terior  direction,  uud  tho  primary  ridge  iu  their 
outer  rtoutly  enamelled  8iiri^  ii  atroiiger  than  in  the  lower  teeth, 
diaraoten  noticed  by  MelviUe,  Mantell,  and  also  by  Owen,  wfaicih  may 
serve  to  dist  inguish  these  teeth  when  detached  from  the  jaw.  Thia 
ridge  divides  the  outer  btrongly  onamoUed  surface  unequally,  being 
much  nearer  to  the  anterior  margin.  At  the  free  end  of  the  unworn 
crown  it  ends  angularly  at  the  meeting  of  the  anterior  and  posterior 
borders.  Of  tliese  the  former  is  nearly  straight,  whilst  the  latter 
bends  towards  the  angle  in  a  full  sweep.  The  most  prominent  part 
of  the  ridge  is  nearly  at  the  mid-kngUKtf  theerown,and  from  here 
it  deolinea  towards  a  emgolnm,  which  marks  off  the  erown  from  the 
^g.  The  outer  surface  between  the  primary'  ridgo  and  the  front 
straighter  border  of  the  crown  has  the  form  of  a  wide,  deep,  smooth 
groove,  whilst  the  space  between  it  and  the  distant  ])osterior  curv  ed 
border  is  sculptured  by  .several  minor  longitudinal  ridges,  which 
start  from  the  minuter  cusps  of  the  terminal  scriaturo,  and  are 
separated  from  <me  anotiier  bj  narrow  groovea.  Theie  seoondary 
ridgea  are  fewer,  and  the  grooves  between  them  nanower  towards 
the  middle  of  the  crown,  and  they  subside  towards  the  cingulum. 
The  serraturo  is  limited  to  the  free  end  and  the  front  and  posterior 
border  of  the  distnl  half  of  the  crown.  In  the  half  next  the  fang 
tluse  borders  are  smooth  uninterruj)ted  ridges.  Tlie  cingulum  is  a 
sinuous  inconspicuous  line  crossing  the  out<?r  surface  of  the  tooth  in 
a  double  curve,  the  two  ends  of  which  are  convex  towards  the  fang. 
One  of  these  corresponds  to  the  basal  end  of  the  primary  ridge ;  and 
Uie  other  ia  nearer  the  distant  border  of  the  crown.  The  cusp  be- 
tween the  cunres  is  nearly  equidistant  from  the  two  borders,  but 
slightly  nearer  the  primary  ridgo.  In  a  t  loth  which  hns  descended 
BO  far  beyond  the  outer  alveolar  border  that  the  cingulum  is  ;!•')  to 

0  millims.  distant  from  it  (Xo.  5  in  1.  2,  fig.  7),  the  outer  surface  of 
the  exposed  part  of  the  fang  is  covered  by  wavy  lines.  The  inner 
anrface  of  the  erown  is  gently  convex,  smooth,  and  even,  and  nn- 
Bculptured,  the  terminal  marginal  seiration  being  scarcely  prolonged 
npoD  it.  In  a  favourable  light  faint  transverse  markings  are  appa- 
rent on  it.  A  longitudinal  swelling  subdivides  this  surface  un- 
equally ;  the  correspondence  of  its  position  to  that  of  the  primary 
ridge  on  the  outer  surface  makes  this  the  thickest  part  of  the 
crown. 

The  lower  teeth  (PI.  XYIII.  fig.  6)  have  much  broader  crowns  than 
the  upper.  In  the  angulation  of  the  hinder  margin  of  the  crown,  the 
curve  and  gieater  lengt  h  of  the  anterior  maigin,  the  unequal  division 
of  the  thickly  enamelled  inner  surface  by  a  primar}^  ridge,  thoy 
prefigure  the  teeth  of  Ig^anodon  from  the  AVcaldeii-beds  in  8.K.  Eng- 
land and  the  Isle  of  Wight.  They  differ,  how  evt  r.  from  th(  se  in  ono 
detail,  the  character  of  the  serrature.  The  free  edge  oi'  the  siuall 
plate-like  cusps  of  this  is  in  such  AVealden  teeth  minutely  mamil- 
lated ;  but  in  these  Onmnor  teeth  the  margin  of  tiie  lamella  18  even. 

1  found  this  difference  in  teeth  of  very  nearly  the  same  sise.  Perhaps 
in  relative  simplicity  of  sculpturing  the  Oomnor  Iguanodon's  teetir 
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more  olosely  resembla  the  teetii  in  the  dentary  piece  of  a  mandible 
obtained  firom  near  the  horiion  of  the  Parbeck  cinder-bed  at 

Swan  ago,  figured  by  Prof.  Owen  in  Foss,  Bept.  Wealden  and  Pur- 
beck  Pormationa,  Suppl.  v.  pi.  i.  (1874). 

Several  broken  teeth  show  that  hoth  upper  and  lower  t -oth  have  a 
large  ])ulp-cavity  (PI.  XVIIt.  liir.  >}.  It  is  now  filled  with  c  ilcitt", 
winch,  by  its  wliitcne^s,  cont  rasts  strongly  with  the  dark  dental  tissiu;s. 
The  cavity  passes  far  into  the  croAni,  towards  the  base  of  which  it  is 
widest;  and  it  contracts  greatly  towarda  the  end  of  the  fSuig,  which 
it  pieroee  aa  a  minute  inconspicuous  pore.  The  luig  in  botii  jaws 
tapen  to  a  point,  I  j)articularly  mention  this  because,  though 
known  and  described  already,  it  lias  been  lately  asserted  that  such 
tapering  ending  of  the  fang,  with  accompanying  reduction  of  its  pulp- 
cavity  almost  to  its  o])litcration,  is  unusual  in  IffuanoiJon  MiniUUl. 

Succession. — The  replacement  of  older  teeth  as  their  crowns  are 
worn  out,  by  germs  dsYelq[ied  in  zesenre  cavities  lying  nearer  the  inner 
surfaoe  <Mf  the  jaw,  is  more  completely  illustrated  by  these  Cumno 
Ibssils  than  by  any  which  had  previously  come  under  my  notice.  Four 
snocossional  phases  of  upper  and  lower  teeth  are  apparent.  In  the 
maxilla,  I.  2,  may  be  seen  : — 1 .  stumps  ready  to  bo  shod,  as  that 
marked  Is"o.  5,  wlieic  the  cingulum  is  'ro  to  0  millims.  beyond  the 
outer  alveolar  Ixjrdcr ;  2,  teeth  the  crowns  of  which  were  in  fuU 
use,  as  that  marked  JS'o.  4,  where  the  entire  crown  has  emerged,  the 
cingulum  lying  nearly  in  ^e  plane  of  the  alveolar  margin  ;  3,  germ* 
crowns,  which  have  emerged  only  i  or  ^,  and  had  not  come  into 
use,  as  Kos.  1,  3, 10,  12,  14 ;  4,  quite  ma&il  germ-crowns,  which 
only  just  peep  over  the  inner  parapet.  Tn  these  four  ph.'U^cs  the 
younger  lie  inside  the  older  teeth,  alternating  wilh  tliera.the  arrange- 
ment being  such  tliat.  when  one  of  the  oldest  teeth  is  ready  to  fall 
out,  a  fully  formed  buccessional  tooth  moves  outwards  into  its  place. 

The  fragment  of  lower  jaw,  1. 3  (fig.  6),  illustrates  for  the  lower 
teeth,  even  more  beautifully,  the  same  four  phases,  the  same  grouping 
and  progression.  Nos.  1 , 3, 5,  are  teeth  nearly  worn  out ;  Nos.  2,4,6, 
teeth  in  full  use:  Nos.  7,  8,  9,  crowns  scarcely  half  cmergod;  and 
Nos.  10, 11,  minute  germs  only  just  ^-isible  above  the  inner  parapet. 

An  idea  of  the  size  of  the  teeth  may  be  gh'aned  from  the  follow- 
ing measurements.  The  maxillary  piece,  i.  2,  in  a  si>ace  of  75 
millims,  contains  the  sockets  of  an  outer  series  of  9  teeth.  The 
breadth  (i.  e,  antero-posterior  dimension)  of  a  fully  formed  upper 
erown  is  9*5  miUims. ;  the  length  of  a  fang  (I.  5)  is  20*5  millims. 
The  dentary  part  of  the  left  mandibular  ramus,  I.  4,  in  the  spaco 
of  1  tiiillim?..  has  the  socketvS  of  an  outer  scries  of  12  teeth  :  and 
th(!  fragment  of  the  right  ramus.  I.  3,  contains  sockety  of  six  outer 
teeth  in  tho  space  of  ol  millims.  Tlie  greatest  breadth  of  the 
largest  lower-tooth  crown  is  l^  o  millims.,  that  of  other  crowns 
yarying  between  10  and  11*5  millims. 

The  head  of  this  Comnor  Iguauodnn,  so  far  as  may  bo  infrared 
from  tho  pieces  recovered,  may  have  been  about  20  cm.  long,  a 
size  which  may  be  couaidcred  moderate.   In  its  general  form  it  was 
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dbrioiialy  maeh  more  lisard-Uke  than  cxooodilian.  Tho  prciMmder- 
ance  of  Jiaocrtiliaa  resemblance  is  not  merely  a  superficial  one ;  it  is 
evident  iu  many  structural  details.  In  tho  oooipnt  the  6ha\w,  so 
far  as  is  sboAvu  in  this  fossil  (and  iu  this  it  agrees  with  my  JJrooke 
Iiru.anodon-.sku]l),  has  certainly  a  iJ^rtater  rcscmhlance  to  that  of  a 
crocodile  than  li/.anl  ;  hut  tliis  superficial  likeness  is  out\vei<:hed  bv 
the  lizard-liko  eutrancu  of  the  bupraoccipital  boue  into  the  foramen 
magnum,  from  whidi  it  is  ozduded  in  the  crocodile.  In  the  upper 
surface  of  the  skull  the  shape  and  size  of  the  upper  temporal  open- 
ings,  tho  form  of  tho  parietal  bone,  tho  division  of  the  frontal  bone, 
tlio  largo  size  and  form  of  the  nasal  bones,  are  jill  l  irv  rf  ilian  cor- 
respoiidi  nocs.  The  form  of  tlio  maxilla,  the  mode  ol'  articulation 
of  tho  maiidililc  by  a  suspended  (juadratu  not  \ved|^^ed  into  the  side 
of  tho  skull,  and  tho  dentition  are  other  lizard-resemblances.  On 
the  under  surface  of  the  skull  tho  .downward  extension  of  a  median 
process  of  tho  basioccipital  bone  is  at  first  sight  a  crocodilian  feature ; 
but  it  differs  from  the  crocodiliau's  basioccipital  in  direction  and 
relations.  However,  whatever  vAlue  may  ])e  attached  to  this  super- 
ficial similarity,  it  is  more  tl)an  balanced  by  the  divided  palate, 
shown  Ijy  the  free  exjiosnro  of  the  basioccipital  and  basisjihenoid 
bones  throughout  their  whole  ext^mt,  and  1)y  the  absence  IVom  tho 
maxillie  of  any  trace  of  palatal  extension,  or  of  attachment  of  thosu 
houoe  which  in  the  crocodile  dose  the  palate  and  soparato  the  nasal 
and  buccal  passages. 

Vertebral  Column. — Sixfy-fonr centra  and  a  considerable  nimiberof 
pieces  of  neural  arch  and  processes  give  very  complete  information  as 
to  the  structure  of  every  part  of  the  vertebral  column.  < )f  the  contra 
25  are  pnesacral,  4  are  sacral,  and  ^>r>  are  postsacral  or  caudal, 
i'or  convenience  of  reference,  they  have  been  eonsecutivelv  numWred 
in  what  appears  to  he  their  natural  sequence  in  the  column ;  but 
probably  several  are  missing  from  in  front  and  behind  tho  sacrum. 

Neek  (PI.  XIX.  figs.  l-<l).-~Of  the  25  prssacral  vertebne,  7  have, 
either  wholly  upon  the  centrum,  or  jointly  on  this  and  on  the  arch, 
nn  articular  ]>rocesH  for  tlie  attachment  of  the  lower  branch  of  a 
forked  riblet — a  lower  or  capitular  costal  facet,  jiarajjopliysis — which 
stamps  them  cervical.  Homo  arc  much  crushed :  and  in  all  the  neural 
arch  is  much  mutilated.  All  are  opisthococlous,  the  posterior  surface 
cupped,  the  anterior  convex.  Both  surfaces  retain  marks  of  a  eon- 
centrically  laminated  intervertebral  cartilage.  The  contour  of  the 
anterior  surface  is  almost  a  rhomb,  in  whidi  the  infenHlateral  sides 
include  an  angle  of  a])out  1(K»°:  the  upper  angle  is  cutoff"  by  the 
neural  canal  ;  and  the  supero-latcral  and  i nforo-l ate ral  sides  include 
an  angle  of  about  The  horizontal  exceeds  the  vertical  diameter. 
The  lateral  non-articular  surfaces  of  tho  centrum  are  concave  longi- 
tudinally, and  they  are  indented  by  a  deptession,  which  is  deeper 
towards  tiie  front.  Below  this  depression  the  opposite  sides  of  the 
centrum  meet  in  a  median  keeL  Tho  borders,  where  at  each  end 
t  iu?  sides  and  articular  surfaces  meet,  and  the  keel  are  rngose  in 
all  the  cervical  vertcbrfc,  as  in  most  of  the  succeeding  prsBmeral 
centra. 
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The  aflns  and  axis  arc  lost.  In  No.  1  of  tho  corrical  scries  the 
lower  traiisvei-so  proeess  or  ])arapophTsis,  prc'scr\  ed  only  on  the  left 
Hide,  is  an  oval  facet  5x4  millims.  in  extent,  v.hich  projects  from 
the  side  of  the  centrum,  near  its  anterior  border,  below  the  semi- 
dioaieter.  Cloee  behmd  it,  agglutinated  to  the  centrum  liy  matrix, 
U  a  small  hatchet-shaped  hone,  having  on  one  margin  an  articular 
£M)et,  the  form  and  size  of  whieli  so  nearly  agree  with  those  of  tlio 
parapophysis  as  to  siifj^jost,  in  connexion  with  its  nearness  to  this, 
that  it  is  a  iiock-riblot.  The  sides  of  this  centrum  arc  convex  in 
the  vertical  direction.  From  tlie  size  and  position  of  the  parapo- 
physis,  1  think  it  probable  that  this  vertebra  was  next  to  tho 
axis,  or  the  third  in  natural  soqnenoe. 

In  No.  2  tiie  panqtophysis  is  higher  on  the  side  of  the  centrum ; 
it  is  also  more  prominent  than  in  No.  1.  It  is  dose  to  the  anterior 
border  of  the  centrum,  just  external  to  the  ncnro-ccntrnl  snturc. 
From  it  there  passes  backwards  a  ridge  which  divides  the  side  of 
tho  centrum  into  a  smaller  njtper  area  lying  between  tlie  ridge  and 
neuro-ccntral  suture  and  a  larger  lower  area  beiwecn  tho  ridge  and 
inferior  median  keel.  The  depression  (mentioned  in  the  description 
of  No.  1)  is  in  the  lower  area  $  and  its  deepest' part  is  in  front.  A 
Inrge  vascular  forsmcn  pierces  the  bottom  of  the  depression.  The 
middle  of  the  ccntnim  is  constricted,  the  horizontal  transverse  dia- 
meter being  here'  niilliins.,  whilst  at  tlie  ends  it  is  40  millims. 
The  upper  surface  of  the  centrum  contiibutes  at  each  end  a  large 
triangular  piece  to  the  floor  of  the  neural  canal ;  but  at  the  middle 
of  the  canal  only  a  naiTOw  piece  of  it  appears  between  the  ncura- 
pophyses. 

In  No.  3  the  parapophysis  tonohes  the  neuro-central  suture, 
which  in  £ront  spreads  outwards  on  its  upper  anzface.   The  neura- 

pophysis  in  this,  as  in  all  tho  neck-vertt'bra\  has  an  extensive  attach- 
ment to  the  centrum,  its  antcro-])ost(Tior  dimension  nearly  equalling 
that  of  the  U]tper  sui*face  of  tlu-  < cntnim.  At  e;ich  end  it  S])rrnd8 
out  very  conspicuously.  The  arcli,  of  wliich  more  is  preserved  tlian 
in  any  other  neck-veitebra,  was  eTidently  dwarfed.  On  its  left  side, 
just  external  to  tho  praDzygapophysis,  are  indications  of  an  upper 
transverse  process  for  attachment  of  rib-tubercle,  now  hroken  gS,  a 
diapophysis,  in  tho  level  of  the  spring  of  the  arch. 

In  No.  4  tho  parapophysial  facet  rests  jointly  on  the  ecTitrum 
and  nourapophysis  ;  but  tho  former  const itutrs  the  greater  part. 

In  No.  6  the  parapophysis  is  similarly  situated;  but  in  No.  0  it 
is  on  a  slightly  higher  level,  the  ceutrum  contributing  the  lesser 
part. 

In  No.  7  the  parapophysisl  faeet  Ues  just  ahore  the  neuro- 
oentral  sntore,  on  the  dflated  antero-extemal  comer  of  the  neursr 

pophysis. 

In  No.  8  no  distinct  trace  of  rib-facet  is  perceptible  here  ;  and 
in  No,  9  the  facet  has  certainly  risen  above  the  base  of  the  neura- 
pophysis. 

Aceomitlng  all  oervical  in  which  the  supporting  process  for  the 
attachment  of  the  rih-head  is  wholly  or  partly  on  the  centrum,  the 
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aock  of  this  Iguauodou  certainly  contained  not  less  than  U  voriebnju. 
From  tiie  foramott  of  theae  preeemd,  Ho.  1  (probably  the  Huid  in 
natnraL  sequenoe)  to  the  7tli,  and  indeed  thxongh  the  8th  and  9th, 
which  in  general  form  most  resemble  oerrical  centra,  a  gradual 
increase  in  bulk  of  the  vertebral  column  takes  place  from  the  head 
to  thr  trunk,  and  a  gradual  aacent  of  the  porapophyaia  ia  ob> 
gervablc. 

The  following  measurements  show  tho  dimensions  of  2^os.  2  and  3, 
the  least  distorted  centra  in  this  series 

No.  2.      No.  a 


•  mm.  mm. 

Length  along  upper  eiirfaoo  of  centrum   41  *  40'5 

ft       »»     lower      „  „    350  41- 

Anterior  surface,  Tertioal....   85  9S 

„         „     horisontal   87  42 

Poiteiior  auirihoc,  Yorticul   30  31 

„  „      horizontal   40  41 

Horizontal  diameter  at  middle  of  eentnim   29  36 


The  typical  cervical  vertebra}  are  followed  by  u  few  in  which  the 
anterior  articular  surface  becomes  plane,  and  the  inxsterior  is  loss 
hollow.  In  these  there  is  no  rib-head  facet  upon  the  centrum  :  but  in 
one  (PI.  XiX.  lig.  5),  iSo.  11,  which  rcLuiua  a  large  part  of  its  neuial 
aroh,  thia  faoet  ia  on  the  anterior  margin  of  the  (upper)  tranavene 
procesB,  very  doae  to  the  pnesygapophysia.  It  ia  an  ovil^  17  X  19 
minima.,  directed  outwards,  and  indieateH  a  rib  of  considerable 
atoutness.  The  transverse  process — diai)oj)li\  sis — iij  broken  off  just 
beyond  the  ril>-facet.  It  had  a  broad  basal  atlachmeut  to  tho  arch 
in  lh(!  level  of  its  crown,  extending  from  the  ]irie-  to  the  jwstzvira- 
pophysis,  after  the  manner  of  the  platform  mentioned  by  Trof^ 
Owen  as  characteristic  of  fguanodon  ManUUi.  This  platform  ia 
npbome  by  a  strong  buttresa,  which  rises  obliquely  forwards  to  ita 
under  aui&oe  from  the  lower  and  back  part  of  the  neura])ophyBb 
near  the  neuro-central  suture.  In  front  of  this  buttress  is  tho  para- 
pophysial  facet,  and  behind  it  is  a  deep  three-sided  hollow.  Tho 
pra;/.vgapophyscs  of  this  vertebra  look  upwards  and  inwards.  A 
line  drawn  |)erpendicularly  to  the  plane  of  tho  left  pnczygapophysis 
includes,  with  the  spinous  process,  an  auglo  of  about  45°.  Tho 
aides  of  thIa  oentrum  (No.  11)  are  concave  longitudinally  and  gently 
convex  TertieaUy.  The  keel  ia  less  strongly  marked  than  in  the 
cervical  vertebras.  The  length  of  the  neural  surface  of  this  centrum 
is  SOo  millims.,  and  the  vertical  diameter  of  the  articular  ends  ia 
;kS  miUims.    The  length  of  IVo.  10  is  V2  millims. 

In  No,  115  the  rib-head  facet  lies  further  outwards  from  the  ]inv- 
zygajjophysis  upon  the  transverse  process  than  in  2s  o.  11.  This 
vertebra  is  therefore  thought  to  have  occupied  a  place  in  the  ver- 
tebral column  poflterior  to  No.  11.  The  length  of  the  centrum, 
measured  along  the  neural  surface,  is  55  millims. ;  and  the  VOTtioal 
diameter  of  tho  articular  end  is  40  millims.  The  sides  are  much 
crashed ;  but  it  ia  evident,  notwithstanding  thia  mutilation,  that 
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the  hori/.o]il;il  diameter  of  t lie  ends  flid  not  exceed  the  verlical  Jis 
in  tho  iieck.  Tlio  borders  ol"  thu  articular  ends  are  promiuent  and 
slightly  evertocL 

The  anterior  artienlar  sufoce  of  all  the  pneaaoralTettebro  behind 

where  the  neoik  and  trunk  join  (in  Avhich  rejj^ion  it  is  plane)  is 
slightly  hollow  ;  and  this  is  ^soits  shape  in  tho  tail.  The  posterior 
articular  surface  of  all  the  vertchnc  behind  tho  neck  is  decidedly 
concave.  Tliis  character — tho  g^reater  concavity  of  the  posterior 
artieuhir  surface — is  of  use  in  determining  the  direction  of  a  disso- 
ciated centrum  when  other  indications  are  lost. 

Hie  aides  of  the  oentnun,  in  vhat  I  may  eaU  iSoB  middle  donal 
region,  aro  gently  oonvex  in  the  yertioal  direction,  and  oonoaTe 
longitudinally.  At  its  middle  the  centrum  ia  eliglitly  constricted. 
Tho  constriction  is  much  less  than  that  represented  in  the  figure  of 
a  thoracic  vcrtcl)ra  of  Lfuanodon  Mantelli  given  by  Prof.  Owen  in 
the  Foss.  T{e]it.  of  tho  Weulden  Fonnation,  Suppl.  IT.  t.  7.  fig.  (>. 

In  ^o.  LI  the  facet  for  the  rib-head  is  9-5  mUlims.  distant  from 
the  prsezygapophysis ;  in  No.  13  it  ia  18*5  millima.  firom  it ;  in  No.  18 
the  intenral  ia  nearly  the  same.  It  anpeara  from  thia  that  the  ont^ 
waxd  movement  of  the  capitular  facet,  from  the  root  of  the  (upper) 
transverse  process— diapophysis — to  the  free  end  of  this,  takes 
place  thronjjh  a  larger  series  of  vertebrae  in  this  Iguanodon  than  in 
extant  crocodih^s,  jmd  that  the  middle  thoracic  region  was  longer 
in  the  Dinosaur,  in  a  nkeleton  of  Crocodili'S  nilotivuSj  presented  in 
1875  to  the  Hunterian  Museum  by  tho  Hon.  E.  F.  C.  Berkeley,  at 
the  19th  Tertehra  tho  capitular  ooatal  iieicet  meiges  into  the  tuber- 
onlar  facet  at  the  free  end  of  the  transverse  piooesa ;  and  the  rib 
articulating  here  retains  scarcely  any  trace  of  division.  In  this 
skeleton  the  passage  of  tho  capitular  facet  from  the  centrum  to 
tlie  free  end  of  tho  diapophysis  is  complete<l  through  a  chain  of  S 
vertebne,  tho  ll^th  to  IDth  inclusivt>.  In  this  Iguanodon's  vertebral 
column  the  capitular  facet,  withdrawn  from  the  centrum  in  Hio.  8, 
ia  atill  near  the  root  of  the  diapophysis  in  No.  18.  The  laxge  pro- 
portion of  Iguanodont  vertebre  in  which  the  rib-head  facet  ia  dose 
to  tho  prajzygapophysis,  which  I  have  obtained  in  the  lale-of- 
Wight  Wealden  beds,  had  long  attracted  my  notice. 

Behind  Xo.  1(1  the  bulk  of  thi>  centnim  much  inereascs.  Many 
of  the  centra  in  tho  front  and  middle  of  the  tnmk  are  much  crushed  ; 
but,  allowance  being  made  for  this  mutilation,  the  excess  of  the 
horizontal  over  the  vertical  diameter,  so  noticeable  in  the  articular 
ends  of  the  centra  in  the  neck,  ia  elearly  not  repeated  here. 

In  No.  1 7,  where  the  centrum  has  escaped  distortion,  the  anterior 
articular  surface  haa  a  nearly  circular  outline ;  its  horizcmtal  and 
vortical  diameters  are  each  51  niillims.  The  vertical  diameter  of 
the  posterior  end  is  also  '»1  millims.,  the  horizontal  being  somewhat 
great<;r,  57*5  millims.  The  borders  of  both  ends  are  prominent, 
and  slightly  everted  (as  in  the  root  of  neck) ;  and  the  rugosity  of 
the  adjoining  part  of  the  lateral  non-aitioular  anrfkce  ia  strongly 
marked.  The  aides  of  tho  centrum  here,  as  in  the  anterior  thorade 
region,  are  genilj  mvcK  verticaUy.  Thya  inferior  median  keel  ia 
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loss  prominent  here  than  in  the  last-mf  ntioiuHl  rocn'on.  The  con- 
striction of  the  middle  of  the  centrum  is  also  in  tlicso  Cunjiior 
fossils  loss  than  in  those  from  tlie  Wcaldcii  formntion,  dcscrihl  d  in 
the  work  to  which  reference  was  very  lately  made.  The  traiisverso 
horizontal  diameter  of  No.  17  at  its  middle  is  41  miUims,  at  the 
anterior  end  51  millims,  and  at  the  posterior  end  57  millims.  In 
this  part  of  the  column  the  proDzygapophysis  has  a  more  horizontal 
direction  than  in  the  front  of  the  trunk. 

In  the  loins  the  centrum  increases  jrrcatly  in  bulk,  and  this  more 
by  augmentation  of  its  width  and  depth  than  by  addition  to  its 
length.  In  ^o.  21^  wldch  1  place  here,  the  horizontal  diameter  ot 
the  anterior  articular  snrfiice  is  64  millims.,  and  the  vertieal  dia- 
meter 56  minims. ;  the  same  diameters  of  the  posterior  articular 
sorfaco  are  74  and  52  millims.,  the  horizontal  diameter  in  hoth 
instances  pr^ondcrating.  The  average  length  of  the  centrum  in 
this  region  is  ;54  millims.  These  proportions  give  to  the  luinliar 
centra  an  appearance  of  stoutness  and  sliniiuoss.  The  anterior 
articular  Buriace  is  very  flat,  whilst  the  posterior  surface  is  dis- 
tinctly concave,  the  concavity  being  greater  in  the  vertical  than  in 
the  horisontal  direction.  Tho  sides  of  tho  centrum  are,  in  tho 
vortical  direction,  more  c^  lindroid  than  in  the  dorsal  region.  The 
inferior  ket  1  is  Tuore  marked  than  in  tlio  posterior  dorsal  vertebra*, 
owing  to  a  slight  flattening  of  the  si:rf:i(  o  on  eaoh  side  of  it,  which 
increases  its  prominence.  Tho  anttriur  articular  processes  look 
inwards  and  uj)wards.  The  posterior  articular  processes  greatly 
overhang  the  plane  of  the  posterior  surface  of  tho  centrum.  They 
are  separated  from  one  another  hy  a  deep  grooTo.  Tho  nenro-centnl 
suture  is  almost  the  same  length  as  the  upi)er  surface  of  tiie  cen- 
trum ;  but  the  ncurapophyscs  soon  contract,  principally  by  tho 
forward  slant  of  their  posterior  border.  In  No.  20  tho  lengths  of 
the  neuro-central  suture  and  centrum  are  millims.,  whilst  at 
the  height  of  1 ')  millims.  the  ncurapophysis  has  an  antcro-posterior 
extent  of  only  ii2  millims.    (1*1.  XIX.  figs.  (J-S.) 

The  spinous  processes  of  all  the  pncsacral  vcrtehne  hayo  hcen 
broken  c^.  Bo  Seut  as  may  bo  gleaned  from  tho  stumps  remaining 
on  some  of  the  arches  and  from  detached  dissociated  fragments, 
they  had  in  the  trunk  a  great  antero-posterior  extent ;  near  their 
root  their  front  margin  is  a  thin  edge;  their  posterior  border  is 
dee])ly  grooved  ;  they  had  a  backward  slant.  In  none  of  the  trunk- 
vertebroi  is  there  any  indication  of  a  capitular  costal  facet  on  tho 
pier  of  the  arch,  as  represented  in  the  figure  of  the  dorsal  vertebra 
of  LjuanodMi  Mcmtdli  in  the  Fossil  llept.  of  the  Crot  and  Weald. 
Formations,p.  109,  pi. 36;  and  the  eridonce  afforded  by  these  remains 
(it  is  not  claimed  to  be  complete)  seems  to  show  that  tho  rib-head 
facet,  when  it  left  the  nouro-central  suture,  passed  directly  from  this 
to  the  (up])er)  transverse  process,  as  iu  extant  crocodiles.  In  tlu? 
skeleton  of  Croc,  niloticus  the  transfer  occurs  at  the  12th  vertebra, 
in  which  tlie  capitular  facet  is  on  the  diapophysis,  whilbl  in  the  11  Ih 
vertebra  it  is  on  the  nenro-ccntral  suture. 

Saerum  (PI.  XX.  figs.  1, 2). — The  true  sacral  Yerfcebrtt  (as  defined 
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by  their  ankylosis,  the  junction  of  liie  free  ends  of  their  bwer  trans- 
verso  processes,  and  tho  connexion  of  these  with  the  ilimn)  are  four. 
Although  now  disconnected  (ankylosis  not  having  yet  occurred,  owing 
to  tlio  immaturity  of  the  individual),  the  terminal  snrfjicos  of  the 
contra  fit  each  other  so  truly  that  their  natural  sequence  is  not,  I 
think,  open  to  doubt. 

With  the  anterior  surface  of  the  Ibremost  sacral  centrum  arti- 
colates  another,  in  precisely  the  same  manner  as  that  in  which  tiie 
tme  sacral  centra  are  joined  together.  It  is  the  last  Inmhar 
Tertehra,  No.  23.  By  tho  identify  of  its  mode  of  union  to  the  first 
sacral  centrum,  and  by  the  large  support,  it  affords  to  the  first-sacral 
lower  transverse  process,  it  so  closely  resembles  the  true  sacral 
vertebne,  and  dynamically  tonus  so  obviously  a  part  of  the  sacrum, 
that  Drs.  Melville  and  Mautell  were  not  vei}*  culpable  in  regarding 
it  as  the  first  tme  sacnd  centrum. 

The  last  Inmhor  (PL  XX.  figs.  1, 2»  21)  is  bnlkiflir  than  any  of  tiie 
tme  sacral  centra.  Its  form  is  depressed ;  ita  anterior  articular  sur- 
face is  nearly  plane,  very  slightly  concave.  It  is  smooth ;  and  it  was 
evidently  capable  of  movement  upon  the  next  centrum  in  advance,  to 
which  it  was  attached  ))y  an  intcrvertcljral  disk  of  the  ordinary 
structure  and  form,  tho  marks  of  which  are  still  apparent.  The  ver- 
tical diameter  of  this  face  is  52*5  miUims.,  and  the  horizontal  diameter 
ahoat  66  millims.  Ita  posterior  terminal  surface  is  plane.  It  is 
marked  hy  radiating  impressions  suggestive  of  intimate  union  to  the 
next  centrum  by  a  thin  film  of  ossifying  cartila<ro.  Its  minimum 
horizontal  diameter  in  tho  plane  of  the  neural  canal  is  40  millitn';., 
and  its  maximuiu  diameter,  wliicli  is  nearly  on  the  level  of  its  mid- 
height,  is  71  luillims.  It  will  be  seen  from  a  comparison  of  these 
numbers  how  greatly  the  centrum  expands  behind.  Hero  near 
the  posterior  hordor  tho  centrum  attains  the  maximum  horiiontal 
diameter  of  91  millims.,  forming  tho  anterior  houndoty  of  a  deep 
notch  in  the  articulated  sacrum  between  the  last  lumbar  and  first 
sacral  centrum,  which  aftbrded  a  very  firm  attachment  to  the  first 
lower  sacral  transverse  ])rocoss.  The  sides  of  the  last  lumbar 
centrum,  in  the  vortical  direction,  at  tirst  slope  outwards  from  the 
neural  surface  until  the  level  of  tho  lower  limit  of  the  notch  just 
deserihed  is  reached.  From  here  they  bend  rather  abruptly  in- 
wards to  an  inferior  median  keel,  at  each  side  of  which  the  surface 
is  transTersely  nearly  plane.  Longitudinally  the  sides  of  the 
centrum  are  very  concave  ;  the  concavity  is  increased  by  the  pro- 
minence of  tho  posterior  mar^'iji.  The  neuro-central  suture  is 
relatively  shorter  than  in  the  other  lumbar  vertcbne ;  the  {groove 
of  exit  for  the  last  lumbar  uorve  limits  it  behind.  At  a  short 
distance  from  its  posterior  limit  the  suture  has  a  conspicuous  in- 
dentation, repcatod  in  the  last  true  sacral  vertehra. 

The  fir^t  true  sacral  centrum  (Xo.  24)  is  much  smaller  than  the 
last  lumbar.  In  front,  at  its  junction  with  this,  it  is  much  ex- 
panded, but  towards  its  middle  it  rapidly  contracts.  The  inferior 
median  keel,  conft*]»icuuus  in  the  last  lumbar  centrum,  is  here 
scarcely  noticeable.    Tho  form  of  the  centrum  is  more  cyliudroid; 
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iii  neonl  wcih  plainly  verted  fAae&f  on  thii,  ite  proper  oontnnn, 
and  was  only  to  a  Terj  limited  extent  borne  on  the  last  lumbar. 
The  length  of  the  nonro-centrol  suture  is  only  about  ^  of  that  of  tlio 
upper  surfaoo  of  tho  centrum,  the  attarhment  hchv^  limited  behind 
by  the  wide  groove  of  exit  of  the  first  sacral  nerve,  M'hich  emcrf^ea 
over  the  side  of  the  centrum  rather  behind  its  middle.  Behind  this 
nerve-groove  is  the  rough  sutuial  surface  descending  on  the  postero- 
lateral border  of  the  oentrain,  of  whieh  the  upper  part  affinded  a 
limited  attachment  to  the  neoral  arch  of  the  eeoond  sacral  vertebra, 
and  the  lower  part  fimned  one  aide  of  the  notdi  between  it  and  this 
latter,  where  the  second  lower  Bacjal  transvor?r>  prnross  waa  inl- 
plantcd.    This  process  was  evidently  smaller  llian  tho  lirsi. 

In  the  second  sacnil  centrum  (No.  2')),  the  dinicii^idiis  of  the 
auterior  and  posterior  terminal  surfaces  do  not  much  differ.  The 
centrum  is  evenly  and  slightly  constricted  at  its  middle.  The  non- 
articular  part  or  side  is  cylindroid  in  the  vertical  direction,  slightly 
flattened  below  the  neuro-central  anture,  and  again  at  its  under 
surface,  where  longitudinally  it  is  concave.  It  has  no  median  keel. 
The  groove  of  exit  for  the  L'nd  sacral  nerve  is  slijjhtly  further  buck 
than  the  c^)rrespoiiding  i^roove  in  the  1st  centrum.  Tlie  notch  in 
the  posterior  border  of  the  centrum  for  the  second  lower  transverse 
process  descends  only  a  slight  distance. 

The  third  sacral  centram  (No.  26)  difEbrs  little  from  the  second. 
Its  under  suifice  is  somewhat  flatter,  and  towards  the  posterior 
border  it  haa  a  slight  depreasion.  Tts  lower  transverse  process  is 
partly  borne  on  the  postero-lateral  ])order  of  the  second  centniTn. 
Tho  fn^oove  of  exit  for  the  third  sacral  nerve  is  slightly  nearer  the 
posterior  border  of  the  centrum. 

The  fourth  sacral  centrum  (No.  27)  is  distinguished  from  tho  others 
by  the  amooUmess  and  concavity  of  its  posterior  anrface^  wbieh 
evidently  allowed  the  anterior  caudal  centmm  to  play  upon  it 
through  the  medium  of  an  ordinary  intervertebral  disk.  The 
neural  arch  rests  on  the  whole  lenpjth  of  its  own  centrum  and 
sliLrhtly  on  the  third  centrum.  The  fourth  sacral  thtvo  emert^od 
thronp;h  tho  intorvertobral  foramen  hetwrcu  it  and  tho  first  caudal 
vertebra,  and  not  across  the  side  of  its  own  centrum  as  in  tho 
first  three  aaeral  vertebrse.  The  under  surface  shows  the  same 
flattening  and  slight  hollow  noticed  in  the  third  centrum. 

With  the  exception  of  the  anterior  surface  of  the  last  lumbar  or 
false  sacral  vertebra,  and  of  the  posterior  surface  of  thefonrUi  sacral 
centmm,  all  the  terminnl  snrfares  of  tin.-  siieral  vertebrnp  are  roufrh  : 
their  union  with  one  anotlier  was  cvidcnily  too  intimate  to  allow 
of  movement;  and  had  the  animal  reached  maturity  they  would 
probably  have  become  coossified. 

The  length  of  the  entire  aaerom,  including  the  last  lumbar 
vertebra,  is  29  oentims.,  that  of  the  last  lumbar  bong  52  rniHims. ; 
of  the  1st  sacnJ  centnim,  ^'O  millims  ;  of  the  2nd,  53  millims.;  of 
the  3rd,  40  millims. :  of  the  4th,  HO  millims.  When  tho  centra  are 
articulated  the  outline  of  the  under  surface  of  the  sacrum  is  ren- 
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dfifed  Binuous  by  the  oonsfcrielpioii  of  the  middle  of  the  centra  and 
the  piominenoe  of  their  terminal  borders. 

The  nenral  canal  corresponding  to  the  last  lumbar  and  three 
foremost  sacral  centra  is  very  capaoions ;  at  the  fourth  centrom  it 

becomes  abruptly  contracted. 

It  will  have  been  noticed  that  only  the  fuUe  sacral  centrum  (last 
lumbar)  wholly  supports  it  own  neural  arch,  and  that,  as  r<^ard8 
the  fonr  tme  sacral  centra,  the  arch,  whilst  resting  mainly  on  its 
own  centrum,  is  also  borne  in  part  on  the  eontmm  next  before  it. 
This  seeming  advance  of  the  arch,  by  whieli  it  cgmes  to  lie  over  the 
interval  between  two  centra  (first  noticed,  I  believe,  by  Owen  in  a 
AVealdcn  sacrum  ri^feiTCu  iiy  liim  to  I./iKtitoflon  MantelU,  formerly 
in  the  collection  of  the  kite  Dr.  Saull,  und  at  his  death  ac(juired 
by  tho  liritisli  Museum,  and  also  found  by  him  in  u  sacrum  of 
Meffalosattra.'i)^  has  its  probable  explanation  in  the  persiBtence 
throughout  life  of  an  early  embryonic  phase.  In  the  duck  it  has 
been  ascertained  that  each  permanent  vertebra  comprises  the 
anterior  and  posterior  hnlves  of  two  consecutive  protovertobne. 
'Hie  neural  arch,  after  this  second  sej^cntntion  of  the  vertebral 
column,  comes  to  rest  on  the  anterior  halt'  of  the  jiormanent  vertebra. 
Tho  intervertebral  space  between  two  purmauont  vertebrae  corre- 
sponds to  the  middle  of  the  centrum  of  a  protovertebra. 

In  the  Dinosanrian  sacmm  it  appears  ss  if  the  transfinnnation 
of  €tie  proto-  into  the  permanent  Tetrtebne  was  not  completed  in  the 
Bwsni.  r^on  of  the  column  ;  the  second  segmentation  mapping  ont 
the  permanent  centra  is  effected,  but  the  arches  retain  their  pri- 
mitive positions. 

On  comparing  this  Cumnor  sacrum  with  tlie  type  fossil  in  the 
British  Museum,  to  which  1  have  very  recently  ixicrred  {}io.  o7086, 
Brit-Hus.  CataL),  some  notable  difoeiiees  are  evident.  Of  tliflsey 
the  smaller  number  of  centra,  4  in  the  Cumnor  sacmm  (the  Biitisb- 
Musenm  sacrum  has  6  centra),  is  the  most  important.  It  is  certam 
that  5  is  the  true  number  of  centra  in  the  latter ;  for  they  are 
firmly  coossitied  in  undisturbed  natural  sequence  ;  but  the  reference 
of  this  fossil  to  Iijuannrlon  ManttUl  wants  the  contirmation  which 
its  association  with  other  indubitable  Iguanodon-remains  might  have 
afibxded,  and  no  sndi  Tcrified  sacmm  has  since  been  found  with 
which  to  compare  it. 

The  proportions  of  the  centra  in  the  Cumnor  and  British- 
Museum  sacmm  No.  37^83  are  also  very  different,  as  the  subjoined 
measurements  show.  In  the  former  the  centra  are  shorter  and 
stouter,  and  they  want  the  remarkable  lateral  compre<sion  and 
strongly  carinate  form  so  conspicuous  in  the  latter,  wiiich  is  well 
represented  in  Prof.  Owen's  figure  of  this  in  kis  1  oss.  licpt.  \Vealdcn 
Formation,  t.  iii. 
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43 
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That  those  difFcrcnccs  of  form  have  a  specific  value  will  ho,  I 
think,  ullowt'd  l)y  all.  The  fewer  sacral  vertcbnc  in  the  Cumuor 
Bacrum  have  a  somewhat  higher  import.  Have  we  hero  an  earlier 
ph^se  in  the  development  of  tho  IMnosaurian  sacrum  than  that 
exemplified  in  J.  ManUlK?  The  earlier  age  of  the  Canmor  Igoa- 
nodon,  as  iDdicated  by  its  gisement,  Eimmoiidgo  day,  would  be  in 
harraonv  with  this. 

Tail. — Thirty-five  postsacral  vertebra^  are  recovered.  It  is 
probable  that  a  couple  of  the  f<)remo.st  are  missinj;,  since  all  those 
procured  have  chevron-facets,  and  in  extant  lizards  and  crocodili  s 
these  are  absent  from  a  small  number  of  the  foremost  caudal 
Tertebne. 

In  No.  28,  probably  the  foremoefc  of  our  series,  the  oentmm  u 

larj^er  than  in  those  which  I  have  placed  l)ehind  it.  Tho  anterior 
articular  surface  is  nearly  ])lane,  very  slightly  concave,  whilst  the  # 
posterior  fturface,  as  in  all  the  other  caudal  vertebrce,  is  distinctly 
concMve.  The  snh  s  of  the  centrum  are,  in  the  vertical  direction, 
gently  convex  ;  they  meet  at  the  uuder  surface  of  the  centrum  in  a 
blnnt  wodge-form.  In  the  longitudinal  direction  they  are  gently 
concave.  The  under  surface  at  each  end  is  encroached  on  by  tho 
chevron-facet,  which  is  continuous  with  tho  tonninal  articular 
surface.  In  this  vcrtel»ra  (No.  28)  tho  length  of  tho  neural  surface 
ifl  i'n-;')  millims.,  and  the  distance  between  the  anterior  and  pos- 
teiior  chevron-facet  on  (he  under  surface  is  11)  millims.  A  Ktronj; 
transverse  process  juts  out  from  the  neurapophysis  at  the  height  oi" 
12  millims.  above  the  neuro-central  suture. 

No.  29  (PI.  XIX.  fig.  9)  has  a  peculiar  and  distinctive  obliquity, 
produced  by  the  downward  and  backward  slant  of  its  under  surfaa*, 

*  Approximutu  uicusuremcntj) ;  emnll  cliips  ulf  edge  preveut  actuui  measure- 
ments of  this  dimemioa. 
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ndueh  meets  the  chemn-feoet  at  an  aeate  angle.  (I  have  obtained 
'Similar  caudal  vertebrsB  in  tlie  Ide  of  Wight)  The  aides  of  the 
eentmrn  are  vertically  slightly  convex.  The  narrow  under  surface  ia 
more  encroached  on  hy  the  anterior  than  by  the  posterior  chevron- 
articulation.  The  transverse  process  arises  rather  lower  than  in 
Ko.  28.    The  spinous  process  has  a  stron<^  backward  slant. 

Through  the  next  tour  vertebne,  A'os.  i3U-U3,  the  transverse 
prooeas  luiks  on  the  arch  towards  the  nearo-eentxal  sntnre,  and  ib 
else  becomes  smaller.  In  No.  dO  its  size  ib  greatly  reduced,  and 
it  arises  in  the  _plane  of  the  neuro-central  suture,  which  is  very 
indistinct.  In  No.  35  a  slight  sweUing  is  the  only  vestige  of  the 
transverso  process;  and  even  this  is  absent  from  the  succeeding 

vertel>rie. 

The  bux)prcssion  of  the  transverse  process  is  soon  followed  by  the 
disappearance  of  the  neuro-central  suture,  which  ceases  to  be 
xecoi^dzable  in  No.  37.  Of  the  succeeding  centra  many  have  been 
much  squeezed  in  by  laterally  applied  pressure.  To  this  they  have 
jieldod  in  aueh  a  manner  aa  to  suggest  that  the  middle  of  the 
centrum  was  very  imperfectly  ossified,  and  perhaps  permanently 
<;artilaginous,  as  was  thought  characteristic  of  the  caudal  vertebrae 
referred  to  PoiJcUopUuron^  but  is  now  known  to  obtain  in  Mcya^ 
losaurus.  In  No.  (37,  the  10th  iu  the  caudal  series,  the  posterior 
chevron-facet  is  notobed  in  front ;  and  from  this  notch  a  slight  groore 
passes  forwards  along  the  under  surface  of  the  centrum. 

In  No.  41  (PI.  XIX.  fig.  11)  the  anterior  chevron-fan  t  has  almost 
disappeared.  On  the  side  of  the  centrum  is  an  angular  longitudinal 
ridge ;  between  this  and  the  situation  of  the  neuro-central  suture 
is  a  shallow  depression  ;  and  below  the  ridge  a  small  better-marked 
hollow.  The  ridge  is  gradually  lost  in  the  succeeding  centra.  The  re- 
duction in  bulk  is  attended  with  diminution  of  length  of  the  centronu 

In  {he  smallest  ▼ertebrsB,  towards  the  end  of  the  tail,  the  centrum 
bos  a  simple  cylindroid  form  (PI.  XIX.  figs.  12, 18).  In  those  the 
arch  is  reduced  to  extreme  simplicity,  a  mere  hoop  bearing  an 
anterior  and  posterior  pair  of  articular  processes.  The  s])inou8 
process  ceases  in  No.  51.  A  slight  nigosity  marks  the  sitnatioii  of 
the  chevron-joint,  so  conspicuous  in  the  first  half  of  the  tail.  The 
anterior  chevron-facet  first  disappears.  Both  articular  surfaces  in  all 
the  caudal  vertebrsB  are  concave. 

The  change  in  form  of  the  articular  surfaces  of  the  vertebral  centra, 
traceable  through  the  column,  is  highly  instructive.  In  the  nock 
thLso  surfaces  are  convexo-concave,  opisthocoelous  ;  at  the  root  of  tho 
neck  the  anterior  ball  is  less  convex,  tho  posterior  cnp  less  deep  ;  in 
the  fore-trunk  the  anterior  surface  is  plane,  tlie  posterior  .slightly 
concave ;  in  the  loins  the  anterior  surface  is  very  slightly  concave, 
tiie  pcsteiior  sui&ce  more  so;  and  in  the  tail  both  surfaces  are 
concave.  Variation  in  length  of  centrum,  shown  by  the  annexed 
measurements,  is  not  less  worthy  of  notice ;  for  it  baa  been  asserted 
that  the  length  of  ccntnim  was  constant  for  tlie  same  vertebral 
column,  although  this  is  not  boino  out  by  tho  skeletons  of  extant 
rei)tiles. 

U.  J .  G.  S.  ^"o.  143.  2  n 
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Len^tikt  of  Vertebral  Cmira  nueuured  along  iMr  vpper  surface*,' 
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Pdvie  and  Mind  Limhs. — Tho  sacrum  has  juBt  been  described  ;  the 
other  parts  referable  to  the  hip-girdle  iiro  portions  of  both  ilia,  of 
both  pubes,  and  of  one  ischium.  The  limbs  are  rej)ro.s;  nt»/d  by 
]>ieces  of  both  femora,  of  both  tibio)  and  fibohu,  ossa  toisaiia,  meta- 
tarsals, and  phalanges. 

Jlia,  ^  o.  iv.  1. — Part  of  tho  right  ilium  comprises  the  acetabulum 
and  all  that  part  of  the  bread  flatplato  which  lies  above  and  behind 
it  The  greatest  Tertical  dimension  at  the  acetabulum  is  135 
nuUims. ;  the  length  of  the  mutilated  pneaoetabular  port  is  110 
millims. ;  the  coxal  articular  sui  faco  is  an  oblong,  80  millims. 
long.  It  is  widest  behind,  being  here  43  millims,  across.  This 
surface,  which  is  coarsely  pitted  (as  if  an  epij»bysial  iucru.station 
had  been  detached  from  it)  is  imperfectly  divided  at  45  millims, 
from  its  posterior  Umit  by  a  slight  projection.  The  port  behind 
this  is  hollowed ;  that  in  front  of  it  is  nearly  plane,  or  slightly 
convoz.  From  the  hinder  and  outer  comer  of  tbe  joint-surnioe  a 
prominent  angular  ridge  curves  upwards  and  forwards  over  the 
joint,  and  gradually  subsides  on  tbo  smooth  surface  above  it.  A  con- 
spicuous sinuous  line  above  tlie  ai  clal  ulum  jirobal'ly  marks  the 
attachment  of  the  capsular  ligament.  That  part  of  the  ilium  which 
comprises  the  joint  is  the  stoutest  part  of  the  bone.  The  inner 
surface  of  the  iHum  is  sinuous.  Abore  the  acetabulum  are  the  im- 
pressions of  attachment  of  sacml  ribs. 

The  pieces  iv.  2,  «,  h,  r,  if,  are  fragments  of  the  left  ilium.  0£ 
these,  iv.  '2(1  shows  that  tho  acetabular  jmrt  was  j)roduced  for- 
wards as  a  long  slender  process,  which  was  longer  tlxan  tho  post- 
acetabular  part  of  the  bone. 

rules. — The  fossils  iv.  16,  iv.  17,  correspond  essentially  with 
Wealden  Iguanodont  bones,  now,  I  think,  generally  accepted  as 
pubes.  They  are  too  mutilated  for  doscriptiou.  They  show  that 
the  pubis  f<Nnned  part  of  the  acetabuhmi  as  in  Lizards. 

Js^cliinm.—ThQ  peculiar  curve  of  the  los.sil  iv.  IS,  and  the  process 
indicated  011  one  margin  near  the  stouter  end,  identify  this  as  part 
of  the  long  blade  of  an  Iguanodont  ischium. 

Femur. — These  large  and  stxong  bones  are  principally  represented 
by  their  extremities.   The  head,  iv.  3,  iv.  4,  has  the  subglohular. 

*  The  lengths  of  the  sacral  oeutra  are  already  given  ia  another  Tahlei. 
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lorm  met  with  in  Wealden  thigh-bones.  The  condyles  have  been 
much  split  (iv.  12,  13,  10,  II)  iato  many  pieces ;  Mi  the  deep 
narrow  anterior  intercondyloid  notdh^  chuructoristio  <tf  tiie  femur  of 
^\'ealdcn  IgnaiiodiOiits,  is  plainly  recognizable  here.  The  medul- 
lary cavity  was  very  large ;  and  the  portions  of  bono  referable 
to  the  diaphysis  show  that  this  was  a  rt'latively  thin  tub©  of  bone 
enclosing  a  very  large  quantity  of  unossitied  substance. 

Tibue, — The  pieces  iv,  5,  iv.  6,  are  the  knee  ends  of  tho  right  and 
left  tibin.  Thej  show  an  imperfeot  ocmdyUur  dirisien  of  the  gonal 
tiirfaoe,  and  thiiib  the  pfnecnemial  crest  was  remarkably  large  and 
strong.  The  fossil  iv.  7,  tho  distal  end  of  the  left  tibia,  agrees 
essentially  in  form  with  tho  same  part  in  Wealden  Ignaiiodons 
from  the  Isle  of  W'ii^ht.  The  entering  angle  in  the  antcro-extorual 
surface,  the  salient  angle  in  the  postero-intemal  surface,  and  tho 
malleolar  division  of  tho  articular  surface  into  a  stouter  uud  shorter 
inner  and  a  nanower  and  longer  enter  half,  eaoh  having  a  different 
aspect  adapted  to  oonesponding  subdivisions  of  the  proximal  surfioe 
of  tho  tarsus,  are  well  illustrated  by  these  fossils. 

Tarsiut. — This  comprises  two  distinct  bones,  a  larger  inner  bone, 
tho  equivalent  of  the  astraualus  (PI.  XX.  figs,  o,  6),  and  a  smaller  and 
outer  one,  the  representative  of  the  calcaneum  (Tl.  XX.  figs.  3-0). 

The  astragalus  agrees  substjmtially  with  tho  Wealden  form  *.  It 
has  a  somewhat  quadrilateral  figure.  The  upper  surface  is  the 
counterpart  of  the  inner  two  thirds  of  the  distal  artioular  snrfiBUie  of 
the  tibia  as  far  outwards  as  the  notch  in  this  latter,  but  not  in* 
eluding  what  may  be  conveniently  called  the  outer  tibial  malleolus. 
It  is  divided  into  two  parts,  each  of  a  rudely  triangular  outline.  Of 
those  tlio  inner  and  larij^er,  a  wide  shallow  hollow,  looks  np wards, 
inwards,  mid  backwards,  whilst  the  outer  division,  a  (L'rp  narrow 
trough,  looks  upwards,  outwards,  and  backwards,  when  thu  bone  is 
placed  in  the  position  it  would  tdte  if  it  were  articulated  with  the 
tibia,  and  Ihe  longer  aada  of  the  distal  end  of  this  latter  were 
directed  from  without  and  behind  forwards  and  inwards,  the  direo- 
tion  it  probably  had  in  progression. 

The  under  surface  of  the  astragalus  forms  the  lar^ror  inner  part  of 
a  wide  articular  pulley,  convex  from  beliind  forwards,  and  gently 
concave  from  witliout  inwards.  This  trochlear  surface  rises  some 
distance  on  the  front  of  the  bone.  The  inner  border  of  the  bone  is 
so  deep  that  it  deserves  to  be  termed  a  surfEice.  It  is  smooth ;  its 
outlioe  is  a  rude  crescent  with  blunted  horns.  Of  these  the  pos- 
terior meets  the  hinder  border  of  the  bone  ( a  thin  lip  with  a  down- 
ward and  forward  slant)  in  an  angle  wliich  underlies  tlio  salient 
posterior  angle  of  the  tibia.  The  anterior  surface  forms  the 
ascend  nig  lip  or  process.  whi(  li  fits  into  the  retiring  anijle  in  tho 
front  of  the  tibia.  Thu  inner  half  of  this  lip  rises  gradually  ;  and  tho 
outer  fUls  abruptly.  The  enter  botder  A  the  l^e,  much  shorter 
and  muefa  thinner  than  the  inner,  is  the  outer  boundary  of  tiie 

rrow  trout^^li-llko  part.  Hisre  the  upper  or  tibial  and  the  troohlesr 
surface  nearly  meet. 

*  See  Qnsrt  Jonm.  0«ol.  Soo.  vol  XBc  pb  21. 
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'  The  Calcaiieum  (PI.  XX.  figs.  3, 4),  smaUer  than  the  astragalus,  19 
(to  boiTow  a  simile  from  the  oIderaoatomi8t8)a  somewhat  hoaMiaped 
hone,  -wider  hehind  than  in  front.   It  has  an  npper,  an  under,  and 

an  outer  surfaoo.   The  under  surface  is  crescentic,  strongly  omiTax 

from  back  to  front,  and  less  convex  transversely.  It  forms  an  nrc 
of  a  circle,  and  was  plainly  part  of  a  trochlear  joint.  The  upper 
surface  is  subdivided  by  a  prominent  ridge,  directed  obliquely  from 
behind  forwards  and  inwards,  into  a  posterior  part,  a  deep  trough 
parallel  with  the  ridge,  and  an  anterior  part  somewhat  qaadrilateral 
in  shape,  with  the  anterior  oomers  rounded  off,  and  the  outer  and 
posterior  sides  longer  than  the  two  others.  The  outer  surface, 
vertical,  is  non-articular;  below,  behind,  and  in  front  it  is  slightly 
encroached  on  by  the  trochlear  surface.  Its  lower  border  is  an  arc ; 
its  upper  y)order  is  straight.  Jlathcr  behind  the  middle  this  latter 
is  interrupted  by  the  outer  end  of  the  ridge  mentioned  as  sub- 
di^diug  the  upper  surface.  The  inner  horder  of  the  hone  is  thin 
and  crenated;  here,  as  lately  mentioned,  the  upper  and  under 
surfaces  nearly  meet. 

When  the  calcaneum  is  placed  with  the  border  which  I  have 
termed  inner  touching:  the  outer  border  of  the  astragalus,  and  the 
upper  or  crural  snrfrt'  cs  of  the  bones  are  viewed,  it  is  evident  that 
the  deep  trough  in  the  calcaneum  behind  the  oblique  ridge  in  its 
upper  surface  forms  the  outward  oontinuatioii  of  the  trough  in  the- 
onter  half  of  the  upper  sur&oe  of  the  astragalus,  and  that  it  arti- 
culates with  the  outer  tibial  malleolus,  which,  as  I  have  already 
said,  is  not  homo  on  the  astragalus.  Tho  quadrilateral  depression 
in  the  upper  surface  of  the  calcaneum,  h  'm'j;  in  front  of  this  tiliial 
tron;Lrh  and  of  tlic  olJique  ridge,  received  the  lower  end  of  the  Jihuln, 
the  distal  part  of  the  shaft  of  which  rests  in  a  splint-like  manner 
on  the  front  of  the  tibia  parallel  with  its  outer  border.  Viewed 
firom  heneath,  the  oouTex  under  surface  of  the  calcaneum  is  seen  to 
complete  the  pulley,  of  which  the  astragalus  forms  much  the  larger 
])art.  The  mutual  adaptation  of  the  two  hones  is  so  suggestive, 
that  this  alone  would  have  justified  the  identification  of  the  lesser- 
bone  with  tlic  OS  calcis,  a  bone  previously  unrecoijnized  ;  but  1  for- 
tunately ol)tained  confirmation  of  the  true  skeh^tal  position  in  a 
hind  foot  of  Ilypsilophodon  Foxii^  a  closely  allied  form,  in  which  I 
found  the  hones  in  $itu  joined  to  eadi  other,  as  also  to  the  tihia  and 
fihula,  in  the  manner  described  *. 

In  the  articulation  of  its  tibia  with  the  calcaneum,  as  well  as 
with  the  astragalus,  the  T-u  uiodon's  foot  differs  from  the  hind 
foot  in  the  three  extant  orders,  (Ihelonia,  Lacertilia,  Crocodilia — in 
each  of  whicli  the  distal  end  of  the  tibia  rests  whoUv  on  tlio 
astragalus,  which  latter,  by  an  outer  facet,  is  in  contact  with  the 
fihula.  But  in  the  TOry  point  whersin  the  Dinosaurian  foot  differs 
from  that  of  Uring  reptiles,  it  dosely  lesemhles  the  foot  ixf  Mrds. 

*  buico  this  was  writton,  by  the  courk'sy  ofM.  E.  Dupont,  the  Director, 
I  have  had  an  opporl  unity  of  studying  some  of  the  very  instructive  Iguanodon- 
n  iiKiins  latrlya('<]uired  by  the  iliiscum  of  Natural  History  at  BrufM^ls,  and* 
Jbuvo  becu  gratilied  by  finding  tbo  boucs  in  natural  articulation  aa  described. 
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In  a  communication  to  the  (Jeological  Society,  in  1869,  Prof, 
Huxley  demonstrated  the  agreement  of  the  Uinosaurian  astraf^jilns, 
which  ho  had  shortly  bffure  id^nititiod  in  Mti/ii(o!S(turus,  with  the 
distill  condylar  ulcmcnl  ot  the  bii'd's  tibia,  which  Ocgenbaur  had 
shown  to  compnae  the  eqniTalent  of  the  astragalus  is  extant 
leptiles. 

In  most  birds,  as  is  well  known,  the  individaal  distinctness  of  the 
tihio-tarsal  elements  is  soon  lost  by  the  accrescence  of  the  tarsal 
part  to  the  tibia,  their  individuality  continuing  lonprest  in  the 
keelless  birds,  of  which  the  AjUen/x  furnishes  an  admirable  exam})le. 
In  Diiiosauria,  Trot*.  Huxley  showed  that  the  astragalus  remained  a 
distinct  part  throughout  the  whole  life.  In  the  bird,  as  remarked 
by  Ocgenbaur,  the  oombination  of  two  tarsal  elements  in  the  sing^ 
bone  which  is  regarded  as  the  equivalent  of  the  astragalus,  is 
hinted  by  the  iaoility  with  which,  at  an  early  cmhrj^onic  stage,  the* 
hone  sometimes  separates  into  two  pieces  in  the  attempt  to  detach 
it  from  the  ti])ia.  In  this  Cumnor  If^uanodon,  and  also  in  the 
AVealden  IguanodoJi  and  in  Ji ijj)siloph»don^  the  distinct  fu^  of  the 
calcancum  is  clearly  preserved  throughout  life.  It  obtains  also  in 
Megalotawrut^  and  it  may  &irly  rank  as  a  Binosanrian  character. 
In  Binoeaniia  the  astragalus  and  calcaneum  together  are  the  homo- 
logue  of  the  astragalus  of  the  young  bird. 

In  the  grown  bird  the  relation  of  the  fibula  to  the  calcaneum  is  not 
apparent ;  but  it  is  otherwise  in  early  embryonic  existence,  when 
the  tibula  and  tibia  arc  of  ecjual  length,  and  tlie  distal  end  of  the 
former  reaches  the  mass  of  tissue  out  of  which  the  proximal  tarsal 
element  is  afterwards  erolyed.  In  the  Ignanodont  foot  these  early 
developmental  phases  are,  as  it  were,  permanently  fixed. 

Amongst  the  Cumnor  fossils  there  are  none  which  I  can  identify 
as  elements  of  a  distal  tarsal  row  ;  and  from  the  study  of  two  hind 
feet  of  Iguanodon  which  I  dug  out  in  the  Isle  of  "Wight,  and  also 
of  .several  feet  of  the  allird  J/i/pslIoj>hothni,  I  suspect  tliat  such 
elements,  if  they  ever  had  a  distinct  existence,  soon  lost  it  by  fusion 
with  the  basal  ends  of  the  metatarsals.  This  coalescence  of  distal 
tarsal  elements  with  the  metatarsus  is  foreshadowed  in  Coffijwo- 
gnathus,  in  which  the  former  are  represrated  by  thin  inconspicuous 
disks  united  to  the  metatarsals,  a  narrow  line  marking  their 
piimitive  separateness.  In  Jguanodon  probably  such  separatenesB 
is  rcstnclcd  to  the  embryo. 

Metatarsus. — Parts  of  four  bones  are  referable  to  this  segment 
of  the  foot.  Nos.  iv.  1^4,  2')^  2G,  are  the  distal  trochlear  enda 
probably  of  the  two  lateral  and  the  middle  metatarsals  of  the  light 
foot ;  iy.  27  is  the  trochlea  of  the  left  middle  metatarsal.  Kos.  33, 
35,  36,  are  fragments  of  their  proximal  ends  and  shafts. 

The  trochlea  is  widr  und  shallow.  In  the  middle  metatarsal  it 
reaches  higher  on  the  front  of  the  joint  than  in  the  lateral  meta- 
tarsals, and  the  outer  is  rather  stouter  than  the  inner  condyle.  In 
the  lateral  metatarsals  the  condylar  division,  less  marked  in  the 
outer  one,  is  restricted  to  the  plantar  surface,  and  the  front  of  the 
joint  is  oonyex  transversely  and  in  the  direction  of  the  Imig  axis 
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of  the  bono.  In  the  iniier  mctutarsal  the  inner  ooudyle  is  narrow 
and  prominent,  the  cater  condyle  broad  and  low. 

FheiUmges, — Of  these  13  are  pre8er7ed;  iy.  29,  22,  39,  ase 
probably  the  let,  2n(I,  3rd  phalanges  of  the  inner  toe  of  the  right 
foot ;  their  greater  length  distinguishes  them  from  iv.  42,43,  which 
nro  referable  to  an  outer  toe,  the  phalanges  of  which  are  distin- 
guished for  their  shortness.  The  unguals  are  verj'  strong,  laterally 
compressed,  and  impressed  with  a  deep  subraarginal  nuil-groovc. 

Hhouldcr-yirdle  and  Fore  Limb* — The  only  parts  of  the  segment 
of  the  skeleton  whioh  caa  be  oertainly  identified  are  the  aeapnltt 
and  proximal  ends  of  the  humeri. 

The  Scapid(Xf  iii.  1,  2a,  2^,  closely  resemble  those  of  Wealden 
Iguanodons  from  the  Isle  of  AVigbt.  The  glenoid  end  shows  the 
usual  rough  sutural  coracoid  sui'taco,  and  the  smooth  concave  glenoid 
part  for  articulation  of  tlie  humems.  The  coracoid  part  near  its 
jwsterior  border  is  luiTowed  by  a  conspicuous  groove,  which  enters  it 
from  the  tboraoio  aspect.  The  dossal  end  of  eaoh  sespnla  is  missing, 
so  that  the  length  d  this  bone  is  unknown. 

The  fossil  iii.  6  so  closely  resembles  typical  Iguanodont  coracoids, 
that  its  nature  can  scarcely  be  doubted.  Its  form  is  simple,  as  in 
Wealden  I^uanodonts ;  and,  as  in  these,  it  is  lemarkahle  for  its 
relatively  small  size. 

jSo.  iii.  4  is,  I  have  no  doubt,  the  proximal  end  of  the  left 
humerus.  In  its  general  form,  and  especially  by  the  presence  of 
a  strong  process  at  its  posterior  border,  it  elosei^  imitates  a  very 
largo  humems  which  I  obtained  several  years  since  at  Brooke  Bay. 
No  part  of  the  shafts  or  distal  ends  of  the  humeri  can  be  identified ; 
nor  can  T  speak  with  certainty  of  the  bones  of  the  forearm.  Some 
imperfect  bones,  which  I  regard  as  metacarpals,  are  more  slender, 
ami  appear  to  have  been  relatively  longer  than  the  inotntarsals. 
A  reconstruction  of  the  fore  foot  out  of  thcac  imperfect  and  diaso- 
caated  remains  must  necessarily  be  so  oonjcetoral  that  I  have  not 
attempted  it. 

For  this  Kimmeridgian  Iguanodon,  the  distinctness  of  which 
from  the  A\'ealdcn  /.  ManteHi  is  demonstrated  {a)  by  the  different 
s}ia|>e  of  the  thoracic  vertrbra"^,  tlie  centrum  of  wliich  is  wedge- 
Bliapt"!  in  the  Kimmeridgian  Iguanodon,  very  constricted  in  the 
AVcalden  Iguauodou,  by  the  Hattening  oi  the  under  surface  of 
the  centra  in  the  sacrum  of  the  Kimmeridgian,  which  in  the 
Wealden  is  keeled,  (c)  by  the  smaller  number  of  sacral  centra  in 
the  Kimmeridgian  Iguanodon,  and  {d)  by  the  lelatire  simplicity  of 
the  marginal  serrature  of  its  teeth,  I  propose  the  spedfio  name  Prut- 
isieAti— J^ruanocion  Fratwichii, 
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EXPLANAXION  OF  PLAXBB  XYUJL,  XUL,  JDL 

All  the  figures  are  two  thifda  of  the  actual  size,  except  those  of  the  jaws,  which 
ave  X2;  and  ^gi.  8, 9,  PL  XX.  whidi  are  diagmnmatio. 

Plate  XVni, 

Fig.  1  (No.  1. 10).  View  of  undersurfaro  of  port  <rf  vault  of  akoU.  f,  frontel 
bone;  jtf,  poftfrontal ;  p,  parietaL 

2.  The  upper  simaoe  of  the  same  fragment.  The  lettering  is  the  same. 

3.  Fragment  of  occiput,  fm,  foramen  mngnuni ;  vr*,  aupraoocipiial. 

4.  Tbe  under  surface  of  a  fragment  of  the  base  of  the  skull,    or,  occipital 

condjle ;  J3o,  basioccipitnl ;  JiSy  basispbcuoid ;  c,  carotid  groove ; 
hypophysial  pit. 

5.  Tlio  upper  surface  of  the  same  piece. 

6.  Fragment  of  the  right  maxilU  (outer  surface)  showing  three  teeth : — 1, 

a  mature  germ,  not  yet  in  wear ;  2,  a  orown,  whidi  was  in  full  use  at 
the  death  of  the  animnl ;  the  free  edge  is  nnt  iji  f  he  line  of  arfunl  wear, 
but  an  acoideatai  fracture ;  '6,  a  fang  extendod  considerably  beyond 
the  b(»'der  of  its  socket. 

7.  Another  fragment  of  a  maxilla,  showing : — s,  an  empty  socket ;  /,  tbo  fang 

of  a  tcoth,  of  which  the  crown  had  been  fully  extended,  and  in  fuU 
Wear.    It  tapers  to  a  blunt  point ;  and  the  pulp-cavity,  large  at  the 
junction  of  tne  fang  and  erown»  is  OOntxaoted  to  a  small  opening  at  • 
the  free  end  of  the  fang,    /f,  a  mature  srenti,  at  the  base  of  wlucb  ars 
remains  of  on  almost  completely  extended  fang. 
8b  A  fragment  ct  the  dentary  part  m  mandible.   I,  3, 6,  fangs,  of  which 
the  crowns  must  have  been  almost  worn  away;  2,  4,  <\  crowns  of 
teeth  in  full  wear;  7,  9,  11,  germs,  of  which  about  htdf  is  extruded 
b^ond  the  inner  fnrapet  of  tlw  aTeolus ;  8, 10,  smaller  germs,  of  which 
only  the  tip  is  TisiUe, 
Figs.  6, 7, 8^  are  X2. 

PlamXIX. 

dt  diapophysis ;  p,  parapopbysis ;  ^/rc,  prazygapopliysLs ;  psc,  po9tz}-gap0" 
pnysis;  a,  anterior  articular  surfiioe. 

Fig.  1.  Front  view  of  cervical  vertpbra  (ii.  8). 
2.  Posterior  view  of  the  same. 

8.  Side  view  of  the  same. 

4.  Inferior  view  of  the  same. 

5.  Side  Tiew  of  a  thoracic  vertebra  (ii.  11). 

6.  Side  view  of  a  lumbar  vertebra  (ii.  '20). 

7.  Anterior  view  of  the  same. 

8.  Posterior  view  of  the  same. 

i>.  Side  view  of  a  caudal  vertebra,  from  near  sacrum  (ii.  28).  Centrum 
oblique  (ii.  28). 

10.  Side  view  of  a  ca\idal  vortchra  (ii.  .32)  posterior  in  position  to  ii.  28. 

11.  Side  view  of  a  caudal  vertebra  from  a  part  of  the  tail  where  the  trans- 

Tsrw  pvooess  has  disappeared  (ii.  41). 
13(ii.08)&l8(ii.68).  Tortebnsfhmi  Twynear  theandof  thetaiL 

PlAVlXX. 

Fig.  1.  The  hut  Imnhar  TertcXm  and  the  Mermn,  seen  tnm  below. 

2*  The  same,  seen  from  above. 

In  both,  //,  last  lumbar ;  1«2k,  Ist  &  2nd  sacral  centra;  ne,  neural 
osnal ;  n^,  nerve-groove. 
8w  The  OB  oaleii^  its  outer  saHlMe.  ■ 
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4.  The  aime,  Hs  upper  enrftee.   /.  the  fibular  portion ;  f,  the  tflinil 

portion. 

5.  The  astragalus  (a)  and  oe  calcis  (c),  seen  from  below. 

0.  Front  riow  of  Uie  bones  of  the  l^;a,  with  the  proximal  tarsal  seriee: 
Ubia ;  /,  flbii]»;    astngalue ;  «;  oideiei 

7.  Side  view  of  fame. 

This  and  the  preceding  figure  are  restorations. 

8.  Hie  leg  and  proximal  tarsal  elements  of  •  Tonag  fowl.  Tiie  letten  indi- 

cate the  same  parts  as  in  fig.  fJ. 
9*  !nie  hind  limb  of  a  ohick,  sliowiug  at  this  stage  the  fibula  as  long  as  the 
tOria,  and  thA  diatinotDeia  of  tine  taraal  elementa.  AA«r  Gegeubanr. 

DlSCU8SI02i. 

Prof.  Owes  stated  that  a  specimen  existed  in  the  British  Huseum 
flhowing  the  bones  of  the  hinder  limb  of  a  Dinosaur,  i.  e.  Scelid<H 
miirnSy  which,  thoup^li  never  referred  to,  gave  much  information  as 
to  the  homologies  of  tlie  bones.  This  paper,  however,  was  most 
vjil liable,  and  ho  believed  the  author  had  established  tho  specific 
distinctness  of  the  form.  He  asked  Prof.  Seeley  what  genus  in  the 
MammaHa  gave  a  dentition  like  that  of  the  Triasnc  Placodm,  He 
found  it  in  Omithorhtjnchns ;  but  the  broad,  flat  crushen  were  nn- 
calcified  in  that  suuroid  Mammal. 

Prof.  Seelky  spoke  of  the  hii^h  value  of  Mr.  Hulke's  paper. 
Specimens  existed  in  Jiolgium  sliowing  tho  bones  of  Ifjuaywdon  in 
situ,  and  gave  independent  evidence  of  the  accuracy  of  the  author's 
4K>nclasions ;  but  those  who  had  seen  them  could  not,  as  they  had 
been  shown  in  oonfidenee,  describe  them.  He  thought  the  speoimoi 
on  the  table  showed  traces  of  Teleosaurian  characters  in  the  ex- 
panded frontal  bono  and  in  other  parts  of  the  skeleton.  He  would 
even  attach  more  value  than  the?  author  had  done  to  tho  differences 
of  the  vertebral  column,  pelvis,  teeth,  and  limb-bones  from  those  of 
the  ordinary  Ljuanodon ;  and  he  thought  they  might  be  generic,  rather 
than  dependeut  on  age.  Ho  attached  great  importance  also  to  the 
aeparaiion  of  the  astragalus  and  the  os  ealds.  Hero  there  coold  be 
no  donbt  of  spedfle  distinctness  from  Wealden  forms;  and  he 
believed  that  the  differences  were  important  enoogh  to  justify  the 
Author  in  placing  tho  animal  in  a  new  genus. 

Ifr.  lli'i.KE  said  he  had  studied  the  si)ecimen8  of  Scehdosaurtis 
much,  and  doubted  avIh  tlu  r  the  bones  were  truly  not  displaced. 
Tho  Belgian  specimens,  however,  gave  tho  fullest  evidence  of  the 
Btmetore  of  the  Binoeaurian  tarsus. 
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Nbwbr  Plioobne  Pbbiod  in  Exolind.  By  Skiblis 
y.WooD.Jnn^jB'.a^.  (Bead  Maroh  24, 1880.) 

[Pun  XXL] 


Past  1. 


Stage  L  2^  JZm{  and  FlmuHmnM  Orag* 


Tab  movements  by  which  the  coaditions  of  sea  and  laad  have  ohaoged 
in  England  from  the  time  when  the  Bed  Crag  began  to  form  appear 
to  me  to  have  been  so  oontinnouB  that  the  lonnations  from  thia 
point  onwards  can  be  studied  with  advantage  only  as  one  geological 

group  ;  anil  ua  these  have  all  accumulated  during  one  p^-cat  move- 
ment of  depression  and  reelevation,  the  Xewer  Pliocene  ])criod  seems 
to  me  the  most  suitable  term  for  the  la])so  of  time  which  they  mark. 

The  commeucomeut  of  tlm  Crag  m  i::^uglaud  is  marked  by  the 
aoonmnlation  of  thoae  beds  of  whioh  a  smidl  remnant  is  preserved 
in  the  diflT  at  Walton  Nase.  During  its  progress  the  oontinaoDs 
deatrootion  of  the  antecedent  accumulations  of  the  same  forma- 
tion,  aa  well  aa  of  the  beds  of  the  Coralline  Crag,  furnished 
that  peculiar  mass  of  comminuted  shell  of  which  tho  successive 
])ortion3  of  the  formation  are  made  up.  The  character  of  th3 
beds,  and  the  highly  and  often  continuously  obliijue  character  of 
the  bedding,  with  other  evidence  on  which  I  do  not  stop  here  to 
dwell,  indicate  tiiat  nearly  all  that  port  of  tiie  formation  to  whieh 
the  term  Bed  Crag  (aa  distinguished  from  the  part  represented  by 
the  Chillesford  beds)  has  been  applied  was  accumulated  between 
high-  and  low-water  mariLS,  when  the  rise  and  fall  of  the  tide  was 
considerable. 

Tho  Walton  bod,  as  my  father  has  shown,  is  destitute  of  many 
species  of  Mollusca  which  occur  in  the  lied  Crag  of  the  northern 
(or  Batley  and  Chillesford)  extremity  of  the  formation,  while  the 
beds  occupying  the  intervening  area  aflbid  some,  though  but  slight, 
evidenoe  of  tho  horizontal  transition  between  the  two.  These 
species  are  either  those  of  Arctic  habitat,  or  those  which,  having 
since  become  extinct,  lived  nevertheless  into  that  succeeding  period 
when  the  evidences  of  glacial  conditions  of  climato  become  con- 
spicuous. Now  while  this  is  the  case  with  the  fauna,  it  is  im- 
portant and  coutirmatory  to  Hud,  us  is  thu  cojM),  that  though  at  its 
nor&em  extremity  (i. «.  at  Bntley  and  ChiUesfbrd)  the  Bed  Crag 
passes  uninterruptedly  upwards  into  theOhillesfoid  Clay,  tiie  reverse 
of  this  is  tho  case  at  tho  southern  (or  Walton)  extremity,  if  tho  bed 
of  laminatod  clay,  whioh  there  overspreads  the  Grag^  be  the  OhiUea* 
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ford  bed.  In  the  fonner  the  Red  Crap,  gradually  losing  the  oblique 
character,  passes  up  by  a  series  of  horizontally  bedded  sands  with 
molluscan  remains  (of  which  the  upixjrmost  part  has  been  known  as 
the  Chillesford  bed)  into  the  Chillesford  Clay.  At  Walton,  howeTer, 
the  bed  of  sand  panmg  up  into  laminated  day,  with  wUch  the  Crag 
B  overlain,  ia  not  only  unconformable  to  the  Crag,  hnt  paasee  over 
its  edge  so  as  to  rest  on  the  London  day.  It  is  not  clear  to  me 
now  whether  these  beds  at  Walton  represent  the  Chillesford  Clay, 
or  whether  they  may  not  represent  the  Contortt^d  Drift :  but  if  they 
do  represent  the  former,  then  this  clay  into  which  the  Butley  Red 
Crag  passes  uninterruptedly  upwards  is  as  unconformable  to  the 
Bed  C^ag  of  Walton  aa  it  ia  to  the  Coralline  on  whieh,in  the  neigh- 
bourhood of  BnHey,  it  also  reata.  Whichever  way  it  may  be  re- 
garded, there  is  no  continuation  of  this  southern  eztremii^of  the 
Bed  Crag  into  the  Chillesford  beds  as  there  is  of  the  northern. 

North  of  the  ridge  of  Coralline-Crag  rock  which,  occupying  the 
parishes  of  ISudbourn,  Iken,  and  Orford  in  the  south-east  of  Sheet 
50,  and  of  Aldborough  in  the  south  of  Sheet  49  of  the  Ord- 
nance Map  (of  which  a  diminutlTe  reduction  ia  given  in  Map  No.  1 
of  the  accompanying  plate),  bounds  the  marine  portion  of  the 
Bed  CSrag,  there  sets  in  the  flnvio-marine  portion,  which  ranges 
thence  northwaida  nearly,  but  not  quite,  to  the  north  of  Norfolk  in 
Sheet  68.  ITiis  portion,  I  have  for  many  years  contended,  is,  as 
regards  its  lower  beds,  synchronous  with  that  newer  part  of  the 
marine  accumulations  which  make  up  the  Red  Crag  of  Butley 
in  the  north-east  comer  of  Sheet  4S,  and  of  the  neighbouring 
parishes  of  Boy  ton  and  Chillesford,  being  altogether  newer  than  the 
Bed  Crag  farther  souths  and  whidi  occupies  the  northern  centre  of 
tiiat  sheet.  Nothing,  however,  so  old  as  this  fluvio-marine  portion, 
even  the  most  recent  part  of  it  (the  Chillesford  Clay),  occurs  in  my 
view  nlong  the  North-Norfolk  coast-section  which  extends  through 
Sheet  GS,  such  fluvio-marine  beds  as  occur  there  containing  Tellina 
balthicuj  a  shell  unknown  from  the  Crag,  and  introduced  by  the 
commencement  of  the  movements  deseiibed  in  Stage  XL  The 
northernmost  pmnt  at  which  the  beds  of  fluvio-marine  part  of 
the  Crag  (and  these  are  the  latest  even  of  that  part)  are  to  be  fbund 
is  Aylaham,  in  the  south-east  of  Sheet  68. 

These  facts  appear  to  me  to  show  that  during  the  accumulation 
of  the  lied  C'rn<,'  there  was  a  gradual  movement  of  elevation  in  the 
southern  part  of  the  area  occupied  by  that  Crag,  and  of  depression 
in  the  northern.  By  this  the  first  accumulations  represented  by  the 
Walton  bed  became  land,  and  then  successively  the  parta  immediately 
to  the  north  of  it.  As  this  took  place  the  sea  encroached  at  tihe 
northern  eztiemity  of  Sheet  48,  so  that  newer  beds  of  similar  fore- 
shore oblique  character  formed  over  the  parishes  of  Butley,  Chilles- 
ford, and  Boyton,  containing  a  fauna  so  'li«^tinct  from  that  of  the 
Walton  bed.  These  beds  of  Butley,  Chill  ->ford,  and  Boyton  are 
bedded  up  agaiust  the  principal  remnant  of  the  Coralline  Crag 
which  haa  escaped  destmeli<m  fhmi  the  watefs  of  tihe  Bed  Crag ; 
and  which  destnietion  fiimished  so  large  a  apoilof  moUnscan  remains 
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to  tiie  iands  of  the  kttor.  On  flie  norA  ado  of  thii  romnttit  (tho 

upper  part  of  which  consists  of  hard  rock)  the  Red  Crag  assumes  the 
fluvio-marine  condition,  which  it  maintains  thence  to  its  furthest 
northcra  oxtroTiiity  in  Sheet  68.  Of  this,  tholowtwt  portion,  e.  the 
part  precisely  Hynchronous  with  the  lowest  beds  of  Butley,  Boyton, 
and  Chillesford,  occurs  only  at  Thorpe,  near  Aldborough,  in  the  south 
i]i  Sheet  49,  in  weUs  in  the  Bouth-east  of  50,  and  at  Bramertonin  the 
centre  of  66. 

Further  depression  then  took  place  over  this  northern  area,  ao- 
oompanied  probably  with  further  elevation  of  the  sonthem.  Xhia 

carried  the  head  of  the  estuary  from  Bramerton  up  to  Aylsham,  in 
Sheet  6S,  and  also  submorg:ed  the  Coralline-Crag  renmant  which 
divided  the  fluvio-marine  from  the  marine  area — ^the  result  being 
that  a  sheet  of  laminated  micaceous  day  was  deposited  over  both  the 
flaTio-marine  portion  of  the  Bed  Crag  aiid  Hat  part  of  the  marine  por- 
tum  which  was  latest  aoonmulated,  yis.  that  of  Bntley  and  it»  neigh- 
bourhood, as  well  as  over  the  Coralline  Crag  which  divided  the  two 
areas.  This  sheet  of  clay  having  been  first  observed  at  Chillesford, 
where  it  overlies  this  newer  part  of  the  lied  Crag,  hjis  gone  by  the 
name  of  the  Chillesford  (Jlay ;  and  where  either  marine  (as  at  Butley 
and  Chillesford)  or  fluvio-marine  conditions  (as  at  Bramerton)  had 
preceded  it,  this  day  is  separated  from  the  C^ag  by  sands.  In  the 
maiine  area  at  Chillesford  tiiese  sands,  horizonttd  In  their  npper 
part,  gradnaUy  assume  the  oblique  or  foreshore  character  towsrai 
their  base  as  they  gradnate  into  the  highly  oblique  red  foreshore 
Crag  there.  In  their  central  portion  these  are  full  of  valves  of  the 
estuariuo  mollusk  Scrobicvlana  piperata^  all  detached ;  but  in  their 
upper  layers,  just  under  the  clay,  they  contain  the  remains  of  Mol- 
lusca  preserved  by  the  tranquil  accumulation  of  sediment  afforded 
by  deeper  water,  so  that  boIlL  yalTcs  of  the  LameUilvanehiata  are 
onited.  Conditions  exactly  analogous  prevail  at  Bramttton;  for 
there  the  fluvio-marine  Crag  is  overlain  by  sands  of  similar  thickness 
to  those  with  S'crobicularia  at  Chillesforrl :  and  in  them  at  one  of  the 
Bramerton  excavations  that  shell  is  common.  These  beds  at  Bra- 
merton are  succeeded  by  further  sands  just  under  the  clay,  and  con- 
taining a  bed  of  shells  corresponding  to  the  tranquilly  preserved  bed 
at  Ohilleafbrd :  and  in  this  flnvio-marine  conditions  can  scarcely  be 
detected. 

Between  Bramerton  and  Aylsham  this  laminated  clay  not  only 
becomes  thin  and  more  sandy,  but  the  sands  beneath  it  diminish 
much  in  thickness,  and  there  is  no  flnvio-marine  bed  divided  by  sands 
from  a  more  murine  ono  as  at  Bramerton,  but  a  fluvio-marine  ono 
only ;  and  in  my  view  this  part  of  the  Crag  represents  only  the 
sediment  of  tho  estuary  after  it  had,  by  the  depression  of  its  head, 
been  pnsbed  back  northwards,  and  the  Bramarton  part  d  it  had 
become  marine,  while  the  Butley  foreshore  had  become  sabmeiged. 

While  the  Chillesford  sand  and  day  are  thus  the  nnintermpted 
continuation,  by  slifjht  submergence,  of  the  fluvio-marine  Crag  of 
Bramerton  and  Thorpe  by  Aldborough,  and  of  that  newest  portion 
of  the  marine  Crag,  they  are  not  so  of  the  oldest.   As  already  men- 
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tioned,  the  Walton  Crag  is  overlain  by  alternations  of  laminated  clay 
and  sand.  The  elevation  of  this  in  the  cliff  is  between  50  and  60  feet ; 
and  at  about  the  same  elevation*  at  Hawks  Mill,  Noedhara  Market, 
in  the  Gippiug  valley,  six  miles  N.W.  of  fig.  I.a,  I  found  a  section 
of  highly  mioBoeoDB  laminated  day  passing  up  into  mioaoeoos  saodf 
If  thu  be  not  the  OhiUesford  day,  tiien  I  tiiink  we  may  infar  that 
the  laminated  deposit,  iinconformably  covering  the  Walton  Grag  ia 
not  that  clay  either,  and  that  this  and  the  rest  of  the  southern  part 
of  the  Ked  Crop:  remained  in  the  state  of  land ;  but  if  it  be,  then 
the  depression  descriljcd  carried  the  sea  not  only  over  the  Walton 
bed,  but  also  up  the  Gipping  valley,  though  by  what  route,  unless  the 
intervening  area  was  submerged,  is  not  apparent ;  for,  with  the  ex- 
oeption  of  the  two  patchea  at  Walton  and  Needbam,  not  a  veetige 
of  the  Chilleafoid  Clay  or  sand  occurs  south  of  Butley,  although  the 
Bed  Crag  ranges  soutii  of  that  place  for  twenty  nnlea.  The  Bed 
Crag  between  the  Debcn  and  the  Orwell  attains,  even  in  its  unaltered 
condition,  i.  e.  with  shells,  to  an  elevation  of  nearly  !S0  feet  at  one 
place  (dealings),  and  still  higher  at  another  spot  near  Sparrow's 
Kost,  three  quarters  ot  a  mile  north  of  the  line  of  %.  1.  a  (where  it 
wai  eno&eonsly  shown  aa  a  boulder  in  the  lections.  of  tiie  ^Iniro- 
dnetion  to  the  Crag  MoIluBoa,'  Supplement);  bnt  generally,  in 
both  this  and  in  its  altered  or  decalcified  condition  of  red  sand, 
occasionally  containing  casts  of  shells,  it  lies  at  and  below  CO  feet, 
being  overlain,  without  any  distinfjuishinp:  line  J,  by  from  20  to 
30  feet  of  the  yellow  .sand  marked  /  in  tig.  I.,  which  seems  to  me 
to  be  a  continuation  of  the  Lower  Glacial  sand  bl.  Throughout 
its  range  from  this  limit  northwards  the  base  of  the  Chillesford 
Clay,  howerer,  thongb  from  the  deeper  water  of  the  estuary  in  that 
direction  it  descends  to  Ordnance  datum  on  the  coast  in  the  north 
of  Sheet  49,  never  exceeds,  and,  I  think,  nowhere  quite  reaches, 
an  elevation  of  #50  feet,  which  is  about  that  of  the  patches  at  Walton 
and  Needham  ;  and  the  mollnscan  remains  ]iresen'ed  in  the  upper- 
most beds  of  the  Crag  thus  overlain  show  no  transitional  character 
to  connect  them  with  the  shell-bed  just  under  thu  Ghill<»ford  Clay, 
as  do  tiie  npper  beda  of  the  Bed  Grag  at  Chillesfbrd  and  Bntley. 
If ,  therefore,  this  day  overspread  the  intervening  ana,  it  doubtless 
did  so  unconformably  to  the  Crag  of  this  part,  as  it  does  at  Walton  ; 
and  possibly  the  higliest  eminences  of  this,  such  as  those  at  Healings 
and  Sparrow's  Nest,  were  not  covered  by  it.  However  tliis  may 
have  been,  tlie  Chillesford  Clay  seems  to  have  been  completely  re- 
moved over  nearly  all  the  marine  part  of  the  Kcd-Crag  area ;  and 
this  I  infer  can  only  have  taken  place  by  the  waters  of  the  Lower 
Glacial  sea  under  which  the  sands  51  aconmnlated,  and  which  sea, 
removing  this  day,  covered  with  its  sands  the  chief  part  of  the 
sonth-east  of  8hoet  50,  as  well  as  the  extreme  north-east  of  48, 

♦  All  the  eleratiOTS  mentioned  in  the  paper  have  refcrpnoe  to  Orduimoe  datum. 

t  This  had  its  laminae  at  ono  end  turued  up  to  thu  yertical,  c?idenily  by  that 
proHsuro  of  the  icv.  during  tin*  \ator  pari  of  the  CbaUcy  Claj»  whioh  gave  rise  to 
the  features  described  in  Stacee  III.  and  IV. 
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where  they  surround  islands  of  the  Chillesford  Clay,  and  form,  as 
dcscril>ed  in  8tage  II.,  the  chief  part  at  leaat  oi  the  sands  of  Dun- 
wich  Clitf. 

The  limits  of  the  Crag  estuary  in  Sheet  66  can  be  traced  with 
much  approximation  to  trath.  In  6g.  IX.,  drawn  through  the 
flwio-marine  Crag  and  Chillesford  Clay  at  Thorpe  by  Norwich,  these 
hede  oeeapy  a  higher  level,  and  have  a  greater  thickness  of  chalk 
intervening^  between  them  and  the  datum-line  than  is  the  case  at 
Bramerton,  two  miles  to  the  south-east.  The  Crag  also  is  thinner 
and  all  of  it  is  fluvio-marine,  the  division  into  a  tluvio-marine  bed 
below  and  a  mariDC  one  above  (which  exists  at  Bramerton)  uot  ob- 
taining here  for  the  reasons  alrmidy  explained ;  and  thia  porf  of  the 
Crag  is  therefore  moie  nearly  synchronous  with  the  marine  than 
with  the  fluvio-marine  ])art  of  the  Bramerton  section.  To  the  north- 
west and  WQi^t  of  fig.  IX.  lar<^c  excavations  occur  in  which  both 
the  (/iii^  ;infl  the  Chillesford  Clay  arc  ahscnt,  mid  the  chalk,  rising 
to  a  proportionately  hiurhcr  level,  is  overlain  dire-jt  by  the  sands  hJ, 
Prom  this  it  reaultii  that  the  slight  depression  which  extended  the 
estuary  in  the  way  already  described  did  not  suffice  to  submerge 
the  site  of  Norwich  or  the  area  to  the  north-west  of  that  city,  no 
trace  of  either  al  or  a 2  occurring  in  that  direction,  and  the  ehalk 
also  rising  westwards.  One  head  of  the  estuary  having  been  carried 
by  this  depression  northwards  up  to  Aylsham,  a  branch  was  in 
the  same  way  carried  past  iNorwich  southwards  for  several  miles, 
coinciding  apparently  with  a  valley  which,  in  the  condition  re- 
sulting i'rotu  the  manifold  changes  treated  of  in  this  memoir,  is 
now  represented  by  that  of  the  Teee^  the  northern  branch  being 
similarly  representeid  by  that  of  the  Bure.  This  branch  was  pro- 
bably divided  by  land  from  the  head  of  an  arm  of  the  earlier  part 
of  the  main  estuary  which  stretched  up  i)ast  Bungay  from  the  south  ; 
and  in  it  both  the  Crag  and  Chillesford  Clay  are  but  thinly  repre- 
sented, the  former  passing  sf)rnetinics,  near  the  head  of  the  valley 
about  Saxlingham,  into  shingle,  and  the  clay  which  overlies  it 
presenting  but  a  small  admixture  of  mica.  The  Crag-shingle  at 
iMehinghun  House  near  Bungay  is  fnll  of  the  Crag- shells;  but  at 
Saxlingham  I  was  informed  that  mammalian  remains  only  ooonrred 
in  it. 

The  river  which  fed  this  estuary  with  the  mud  from  whieli  the 
Chillesford  Clay  resulted  must  have  flowed  from  some  refjion  of 
mica-schist  or  of  granitic  rock,  and  most  probably,  therefore,  from 
North  Britain.  At  the  baau  oi"  this  clay  in  Eastou  Bavent  cliff 
(nortii-east  of  Sheet  49)  I  observed  rolled  oluQk,  similar  to  that 
which  is  so  abundant  in  the  Cromer  TSll  (hB\  to  be  imbedded,  and 
tiie  day  in  this  part  to  be  occasionally  contorts  d  .slightly.  This 
shows  that  glaciers  had  at  this  time  begun  to  grind  down  the  ehalk- 
country,  and  to  discharge  their  moraine  into  some  arm  of  this  river ; 
and  as  North  Britain,  by  reason  of  its  latitude,  would  be  propor- 
tionately more  glaciated,  it  seems  most  probable  that  the  prolusion  of 
mica  which  characterizes  the  clay  was  produced  from  the  grinding 
of  thew  tooks  in  North  Britain  by  tho  ice,  which  by  this  Sue  had 
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enveloped  the  Qorthern  part  of  the  kingdom,  and  terminated  Id  the 
principal  bniidi  or  ImaifiliM  of  this  mmt,  Tbe  preglaoial  YtiSkj 
through  which  this  river  flowed  from  North  Britain  appears  to  me 
to  have  heen  that  in  which  the  town  of  Cromer  stands,  and  in  which 
the  greatest  thickness  of  the  beds  described  in  Stage  II.  have  accu- 
mulated. At  the  time  of  the  Crag  this  part  of  it  stood  hij^her  than 
now,  its  slope  having  been  changed  by  the  depression  that  intro- 
duced Stage  II.,  the  relative  height  of  the  area  in  the  south-east  of 
Sheet  68,  and  the  adjoining  parts  of  66  and  67,  having  also  been 
changed  by  the  same  cause,  and  by  the  great  reversals  d  inclination 
which  England  underwent  during  the  period  examined  in  this 
memoir.  The  gentle  aLopes  of  this  vslley  have,  however,  remained 
unsltered  by  these  movements  for  some  miles  on  cither  side  of 
Cromer  ;  for  while  beneath  that  town  the  chalk  sinks  to  low-water 
mark  or  below  it,  it  rises  from  there  gradually  both  to  the  east  and 
west,  so  as  to  attain  the  beach-surface  above  high-water  mark  about 
fhor  miles  to  the  east  and  two  and  a  hslf  miles  to  the  west  of  tlie 
town.  On  the  torf ace  of  this  flat  valley  of  chalk  giew  the  vegeta- 
tion which  has  long  been  known  as  the  Forest-bed ;  and  in  swamps, 
meres,  or  trihutan,*  streams  there  were  accumulated  the  clays  with 
land  and  fresh-water  Mollusca  and  mammalian  remains  associated 
with  it.  These  beds  are  thus,  in  my  opinion,  of  Crac:  atie,  and  the 
mammalian  remains  preserved  in  them  those  of  the  Mammalia  which 
then  inhabited  EngUmd — all  those  remains  found  in  the  Crag  itself, 
even  the  flnvio-marine  portion,  or  most  of  the  latter  at  least,  being 
derivative  and  belonging  to  inhabitants  of  some  period  or  periods 
antecedent.  The  clay  with  mammalian  remains,  which  has  its  sur- 
fiMje  penetrated  by  ro  >ts,  and  out  of  which  a  hollow  has  been 
aooopcd  and  filled  in  with  a  laminated  freshwater  deposit,  con- 
taining at  its  base  a  bed  of  Unios  at  Kessingland  and  Pakefield 
Cliff  (north  of  Sheet  49),  and  which  is  there  overlain  directly  by  the 
Middle  Glacial  (c)  and  the  Cbalky  Clay  (iZ),  is  not  of  the  same  age ; 
and  though  mammalian  remains  from  it  have,  by  the  nse  of  the 
term  "  preglacial  forest-bed,''  been  confounded  Wtw  those  from  the 
beds  just  mentioned,  this  freshwater  and  mammaliferous  formation 
is  later  than  the  Crag,  since  it  occu]iies  a  valley  scooped  through  or 
out  of  the  Chillesford  Clay,  and  at  one  end  of  this  it  rests  on  that 
clay*.  The  eastern  side  of  the  original  Crag  valley  in  which  these 
forest-beds  of  Crag  age  thus  accumulated  eztnids  frtan  Cromer  nearly 
to  the  south-eastern  extremity  of  Sheet  68 ;  for  to  that  distanoe  tiiese 
beds  show  themselveB  along  the  coast  beneath  the  formations  of 
Stage  II.  Very  near  to  this  extremity  these  formations,  thinning 
much,  sink  below  the  beach-line,  and  the  further  extension  of  the 
forest-beds  becomes  concealed  ;  and  though  the  Contorted  Drift  rises 
above  the  level  of  the  Bca  here  and  there  in  the  interval,  it  is  not 
until  the  north  of  Sheet  67  is  entered  that  this  formation  rises  to 
any  height  above  Ordnance  datum ;  bat  as  it  does  so,  the  cUfE^  which 
should  present  a  section  of  it,  overlain  by  the  Middle  Olacialand  the 

*  8m  Seetion  of  tbia  diff  by  HanMr,  QuacL  Icon.  €boL  fioOi  vol.  oiiii. 
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Ghalky  Clay,  is  hidden  by  blown  sand,  and  the  extension  of  these 
forast-beds  iliere  oaiuiot  III  001^^  AtHoj^tonand 
Coiton  GUfb,  however  (about  the  centre  of  Sheet  67),  it  k  aaid  (for  I 

have  not  personally  been  fortunate  enongh  to  meet  with  the  base  of  the 
cliff  sufficiently  cleared  of  beach  to  see  them)  that  they  reappear 
immediately  under  the  Contorted  Drift  shown  in  fig.  XIII.  The 
earlier  beds  of  Stage  II.  being  here  absent,  there  is  nothing  to 
show  the  ago  of  the  f orost-remains  of  this  part  beyond  their  prioiify 
to  65. 

Daring  thu  stage  we  find  no  indieation  of  the  presenoe  of  flie  aea 
over  any  other  part  of  England  than  the  south-eastern  part  of  Nor- 
folk, the  eastern  part  of  Suffolk,  and  the  north-eastern  part  of  Bssex. 
Yxom  sections  discovered  by  the  Survey  the  marine  area  i^ears  to 
have  stretched  up  the  Btour  yalJey  to  Sudbury. 

Stsge  n.  The  Low$r  Glacial  hedi. 

The  moTement  giving  rise  to  the  beds  of  this  series  was  one  of 
depression,  apparently  not  oontinnons,  hut  broken  into  two  move- 
ments, of  which  the  first  was,  compared  to  the  second,  of  no  great 
extent.  This  first  movement  of  depression,  extending  in  an  in- 
creasing degree  over  northern  I^orfolk,  seeraa  to  have  been  accom- 
panied at  the  outset  by  elevation  in  north-east  Suffolk,  so  that  a  part 
of  the  laminated  clay,  forming  the  latest  accumulation  of  Stage  I., 
was  converted  into  land,  giving  rise,  at  Kessingland  and  Pakefield,  to 
the  terrestrial  snrfaoe  on  which  the  mammaliferons  olay,  with  its 
amrfiMje  penetrated  by  roots,  and  the  laminated  bed  with  Unios^  already 
mentioned,  were  formed,  and  which  are  overlain  directly  by  the 
gravel,  c,  and  the  Chalky  Clay  *.  At  points  to  the  south-west  of 
Kessingland  Cliff — viz.  at  Henham  in  the  north  of  Sheet  49,  and  at 
Halcsworth  (on  the  Blyth  river)  in  the  north-east  of  Sheet  50 — 
we  meet  with  yeiy  clear  evidence  of  a  conversion  of  a  part  of  the 
ChillesfoKd  Clay  into  land  at  the  dose  of  Stage  I. ;  for  at  these 
plaoea  there  occur  pehhle-beaohes,  from  25  to  3l>  feet  thick,  bedded 
up  to  foreshores  or  even  low  cliffs  of  this  clay.  The  shingle  of  these 
beaches  is  bedded  at  the  angle  of  terrestrial  rp])ose,  not,  as  in  the 
Red  Crag,  in  successive  beds  of  oblique  stratification,  where  sand 
and  shells  thrown  upas  banks  have  been  planed  off  again  and  others 
heaped  over  them,  but  in  one  continuous  oblique  slope  throughout 
the  25  or  80  toe^  their  section  presenting  in  Hiis  rsspeet  that  which 
the  Chesil  Bank,  or  any  other  great  shingle-beach,  would  do  if  out 
at  right  angles  to  its  trend.  West  and  north  of  this  beached  shingle 
the  pebbles  of  which  it  is  formed  spread  out  in  seams  interstratified  * 
with  satids  that  are  red  or  orange-coloured  at  base,  and  become  lighter 
in  colour  upwards.  These,  in  many  places,  rest  on  the  Chillesford 
Clay,  but  in  others  have  taken  its  place.  Where  they  rest  on  it  the 
junction  is  marked  by  a  strong  line  of  erosion  which  indents  the  sur- 
face of  the  clay  ;  but  in  some  places  in  the  Talley  of  the  Bnre— that 

*  See  Hanuer,  loc.  oU.  The  view  takeu  by  that  gentleman  and  myself,  that 
tfaii  bed  mi^  hvra  iaterveosd  bettrean  the  CkmtovtMl  Drifk  and  ths  gtaiA  e,  is 
untmshb  in  timt  ttf  the  osm  as  traoed  in  this  piewnt  meoiour. 
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is  to  say,  along  the  line  by  which  the  Crag  river  entered  its  estuary — 
this  division  is,  as  I  shall  presently  explain,  obscure.  These  pebbly 
sands  I  brought  to  the  notice  of  geologists  in  1866  *  under  the  title 
of  the  ^  Bore-Valley  beds,*  from  the  oirenmstance  that  they  yield 
raolluscan  remains  in  that  valley.  They  were  a  few  years  after  this 
described  by  Professor  Prestwich,  in  his  memoir  on  the  Red  Crag  t, 
and  by  him  called  "  the  Westleton  shingle."  In  the  south-east  of 
►Sheet  6V)  also  thc^o  jxjbbles  are  heaped  up  into  banks  for  some  miles 
on  the  east  of  Loddon  ;  but  the  banks  are  not  oblique-bedded,  and 
are  therefore,  I  infer,  altogether  of  submarine  accumulation.  Hero 
at  Loddon,  as  also  in  fig.  IX.  and  generally  o^er  Sheet  66,  these 
pebbly  sands  are  overlain  by  the  Contorted  Drift,  hS ;  hnt  along  the 
coast-line  stretehing  throogn  Sheet  6S  another  formation,  the  Cromer 
Till,  b2y  intervenes.  Here,  and  thus  overlain  by  h  J,  the  sands 
rest  on  the  chalk  or,  where  such  are  present,  on  the  terrestrial 
formations  of  the  Crag  already  described.  here  they  rest  on  the 
chalk,  at  Woyboume,  they  contain  at  their  base  Mollusca,  of  which 
the  biTahw  have  often  their  valves  united,  diowing  that  they  lived 
there;  and  at  Woman  Hythe,  two  miles  west  ot  Cromer,  they 
oontahi  in  their  npper  part,  near  where  they  pass  into  62^  Mya 
trunmta^  preserved  with  valves  united,  and  in  the  position  in 
which  the  animal  lived.  They  also  yield  Molhisca  at  Belaugh, 
Rackhoath,  and  other  plac<«  in  the  north-east  of  8hcot  06,  which 
here,  as  at  Weybourne,  idso  show  a  fluvio-marine  character.  They 
have  been  divided  into  two  beds  by  Mr.  Clement  Reid,  who  allies 
that  they  are  separated  by  a  land  and  fireshwater  bed,  extending,  so 
far  as  traces  of  olay  with  land  and  freshwater  shells  afford  an  in- 
dication, along  the  base  of  the  diff.  These  traces  are,  in  my  opinion, 
merely  the  result  of  the  transport  by  the  shore  ice  (formed  in  rivers 
that  discharged  into  this  bay  or  estuar)  )  of  portions  of  the  mud-flats 
and  banks  of  those  rivers  to  which  it  froze  durin<;  winter  The 
only  foundation  that  1  can  hud  for  such  a  view  as  that  of  Mr.  Rcid 
is  that  the  smaD  boss  of  peaty  clay  wiHi  fimhwater  Mdlnsoa  which 
shows  itself  for  a  few  yards  above  the  beach  at  Woman  Hythe,  and 
which  is  overlain  by  those  sands  containing  JIfya  tnincata,  has  a  few 
feet  of  sand  with  Tellina  balthica  and  other  marine  shells  between  it 
and  the  chalk.  This  mass  of  peaty  clay,  however,  is  of  so  limited  an 
extent  and  thickness  as  to  ho  quite  within  the  power  of  such  ice  as 
forms  in  the  St.  Lawrence,  and  there  transports  huge  rock  boulders 
along  the  gulf  of  that  river,  to  carry  ;  and  as  I  observed  a  mass 
of  similar  peaty  clay  (though  without  shells)  of  equal  dimensions 
imbedded  in  the  Till  itself  on  the  east  of  Cromer,  and  strips  or  sheets 
of  chalk  of  yet  larger  dimensions  are  interstratified  in  tiie  Till  just 
over  this  mass  of  peaty  clay,  such  may  have  been  the  origin  of  the 
bed  in  question,  so  far  as  its  position  in  these  sands  is  concerned. 
As  these  sands  extend  eastwards  through  Sheet  <)8,  they  ])econie,  in 
places,  chiU^ed  with  carbonaceous  debris,  derived,  in  my  view,  from 
the  spoil  of  tiie  swamps  and  river-banks  represented  by  this  peaty 

•  Quart.  Juuni.  G«ol.  Soa  vol.  xxii.  p.  546.  t  Ibid.  vol.  xxs  ii.  p.  462. 
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clay,  swept  ])y  the  severe  conditions  of  climate  now  approaching 
into  the  waters  of  the  sea  I  am  now  tracing.  In  the  extreme 
eut  of  Slieet  68  Hhey  thin  oat  to  very  insignigcant  tMdmww  before 
disappearliigimdertiie  beaeh-line ;  and  as  we  approach  the  mammaH- 
ftvDoa  and  freshwater  bed  of  Pakefield  and  Kessinglaud  they  dis- 
appear, setting  in  again  in  the  condition  of  beached  pebbles  and  of 
sands,  intcrst ratified  and  intermixed  with  pebbles  for  several  miles 
south  of  those  places,  whence  southwards  to  the  north-eastern 
end  of  the  line  of  fig.  I.,  and  over  thiit  line  also,  the  pebbles  are 
absent.  The  MoUusca  of  these  sands  are  given  in  tlie  tabnlor  list  to 
my  fieither'B  first  Suppleiiieiit  to  the '  Crag  MoUiuwa'  in  the  Tolmne  of 
the  Palieontog^raphica]  Society  for  187d,in  the  colamn  headed  Lower 
Glacial;''  and  to  these  the  researches  of  Mr.  C.  Reidhave  added  a 
few  species  more,  most  of  which  are  given  in  the  list  accompanying 
the  second  Supplement.  Prom  a  familiarity  with  the  character  of 
purely  aqueous  deposits,  we  have  lonp:  recop:ni/,ed  that  the  uneon- 
lurmable  stratification  which  results  irum  false  bedding  is  due  to 
ennent  aetion ;  hut  onr  knowledgia  of  the  effisot  prodmd  hy  the 
extnunoB  of  moraioic  material  from  a  glader  which  terminates 
beneath  the  sea  is  aa  yet  hypothetical ;  nawtheless  I  believe  that 
the  divisions  of  upper  and  lower  TiU  separated  by  sands  in  this 
fbrmation  of  the  Cromer  coast,  which  have  been  made  by  ^fr. 
Eeid,  have  their  origin  in  the  irregular  and  intermittent  extru- 
sion into  the  sandy  and  silty  sea-bottom,  at  the  commencement 
of  the  stage  we  are  now  considering,  of  material  frpm  the  land- 
ioe,  which  having  heen  in  eziatenoe,  aa  already  shown,  in  the  upper 
waters  of  the  Crag  river  during  Stage  I.,  had  hy  the  northerly 
suhsidenoe  of  Norfolk  which  I  have  described,  and  by  the  augmenta- 
tion of  the  cold,  not  only  reached  the  sea  in  England,  but  had  entered 
the  limits  of  Norfolk  and  Sutfolk.  This  material  was,  in  some  cases, 
carried  into  and  ijiterstratitied  in  these  sands,  and  in  others  piLslicd 
over  them.  Instauces  of  both  methods  appear  in  the  coast-section  of 
North  Norfolk,  and  in  the  (chalk)  pit  at  Guist  crossed  by  the  line  of 
fig.  VIII.  On  no  hotter  foundation  that  I  can  see  have  similar 
divisions  of  one  oontmnona  glacial  accomnlatioii  been  made  in  other 
districts  and  other  countries,  and  a  theory  of  a  cycle  of  alternations 
from  warm  to  cold  dimates  during  the  Olacial  period  evolved  to 
account  for  them. 

Such,  in  my  opinion,  was  the  origin  and  mode  of  accumulation  of 
the  pebbly  sand  and  Till  as  one  formation,  the  structure  of  which 
has  been  greatly  obscured  by  the  ohturning-up  which,  in  common 
with  the  Contorted  Drift  that  overlies  it,  this  formation  has  under- 
gone, as  presently  described.  Towards  the  western  extremity  of 
the  coast-section  in  Shoot  03,  viz.  at  Weybourne,  this  churning-up 
has  not  taken  place ;  and  there  the  Till  and  the  Contorted  Drift 
cannot  be  distinguished,  and  appear  to  be  ono  coutinuous  accumu- 
lation, of  which  the  base  is  distiuctly  iutoratratided  with  the  pebbly 
sand.  At  Hke  opposite  extremity  of  the  ooast-section,  a  distance  of 
only  14  or  15  miles,  this  ohummg-ap  ako  censes ;  but  there  the 
Tin,  or  what  may  be  con^dered  as  representing  it,  is  separated,  in 
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the  dearest  and  meet  marked  £rom  the  Contorted  Drift  (bS); 

fat  this  drift,  in  the  form  of  a  stronglj  stratified  silt  with  bands  of 
day  full  of  rolled  chalk,  rests  altogether  iin conformably  on  a  fonna- 
tion  (the  Till)  consisting  of  d;irk  sandy  unstratifled  clay  with  worn 
specimens  of  TelUna  balthica  and  fragments  of  Cardium  and 
Cj/prinn,  the  surface  of  which  clay  is  worn  into  hollows  in  which 
sands  arc  bedded,  which,  with  the  day  thus  worn  into  hullo  wb,  have 
alike  been  pknedoff  levd  to  raceiTe  the  stratified  silt  of  the  CkmtoiM 
Drift.  This  marked  break  or  unconformity  oontinnes  for  2  or  8 
miles  until  the  lower  bed  disappears  under  the  beach-line,  while 
from  this  condition  of  highly  stratified  silt,  b3y  gradually  changes 
horizontally  south-eastwards  along  the  cliflf  until  it  disappears 
beneath  the  beach  towards  Ecdes  into  that  reddish-brown,  un- 
stratitied,  or  obscurely  stratified,  brickearth  which  1  have  described 
as  having  so  general  an  extension  over  the  pebbly  sands  in  Sheet 
66,  and  as  making  its  appearance  again  above  the  beadi-line 
beneath  the  Kiddk  Qladal  and  Chalky  CUy  in  tiie  north  of 
Sheet  67*. 

Before,  however,  tracing  the  southerly  extension  of  the  Contorted 
Drift,  and  of  the  pebbly  sand  and  Till,  I  should  point  out  that  the 
diflRculty  to  which  I  have  adverted  in  detecting  a  definite  line  of 
division  between  this  sand  and  the  Chillesford  Clay  in  some  parts 
of  the  Bnxe  Tallej,  while  this  line  is  so  marked  elsewhere,  seems  to 
be  just  what  we  might  expect  to  ooonr  under  the  dronmstanoes 
detailed ;  for  as  the  depression  of  the  yalley  of  the  Crag  river  took 
plaoe,  while  elevaticm  to  the  south-east  occurred,  and  the  sea  made  its 
way  into  the  depressed  area,  the  river  yet  existing  further  north  still 
brought  the  micaceous  mud,  so  that  this  at  the  first  and  until  the  new 
conditions  were  established  became  interstratified  with  the  sands 
which  continued  to  form  within  what  remained  of  the  former  estuary, 
and  in  the  area  newly  occupied  by  the  sea.  Though  seams  of  tius 
micaceous  mud  thus  occur  in  the  pebbly  sands  of  this  part,  and 
physically  the  sands  of  the  latter  part  of  Stage  I.  are  here  difllonlt 

«  This  uneonfonnity  if  shown  in  Not.  I.  and  11.  of  the  seotions  iooompanying 

the  Introduction  to  the  'Crag- Moll  usoa'  Supplement.  I  would  Uike  this  oppor- 
tunity of  correcting  some  of  the  sections  given  in  that  Intro<luotioii,  vis. : — The 
bed  8  of  Section  A  and  Section  P  represents  both  that  marked  ?  and  that 
marked  c  in  fli?.  I.  of  the  present  mem.)ir.    The  bed  8,  north  of  Thorpe  in 


the  Crag  in  mA*  rising,  as  desoribed  in  Stage  L,  to  high  defations.  In  Seetion  » 

the  bed  1>),  where  c.ippiiig  the  lowest  part  of  the  clifT,  is  tlie  Contorted  Drift, 
consisting  of  brickearth  with  patches  of  Chalkj  Clay  in  it,  but  where  capping 
the  highest,  consists  of  this  and  of  a  bed  <^  shingly  eravel  beneath  it.  Theyery 
•nnttpateh  of  9  over  whieh  both  these  pmsed  (and  wliidi  T  now  rctrapd  aS  a 
remnant  of  the  Tdl,  lor  it  csaduated  into  S.  wliile  the  brickearth  iU  la  unoon- 
forniiiblo  to  8)  seems  to  have  disappeared  by  the  waste  of  the  cu;ist ;  and  S"  8"* 
and  8'"  are  the  s  uid  /,  No  6  being  either  this  sand  as  n'presented  there  or  the 
Crtis:.  Tn  Sei'tiur\  8.  thovigh  the  small  pafcli  numbere<1  7  remain^.  I  am  told 
that  the  larger  one,  which  extended  from  the  north  of  JSaston  to  tlie  80tith  of 
Oorehtthe  XjUS,  has  disappeared  by  the  rapid  ooast-waate  that  baa  gone  on 
since  I  drew  the  cliff  in  1886.  The  bed  marked  8  in  Seotions  XTX.  aodXX*» 
and  that  marked  /  in  XVIL,  is  the  sand  representia  g  decaloided  Crag. 
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of  separation  from  the  sands  of  the  present  stage,  yet  palffiontologi- 
eally  there  is  a  very  elear  and  satisf aotory  test  Ibr  distinction 
in  the  faeti  to  which  I  first  called  attention  16  years  ugo,  that 
wherever  Uie  pebbly  sands  are  fossilifcrous  they  yield  TeUma 
halthica,  and  in  abundance,  while  this  shell  is  ahsolutoly  un- 
known in  any  bed  of  Stage  I.  The  researches  of  collectors  during 
thi.s  time  have  fully  contirmed  my  statement,  while  the  one  or  two 
oases  where  this  shell  had  been  given  in  publications  as  irom  localities 
in  which  beds  of  Stage  L  only  ooonr^  or  at  least  yield  fossils,  have 
been  investigated,  and  been  proved  to  have  arisen  from  dierical 
errors.  The  introduction  of  this  shell  having  taken  place  so 
abruptly  and  in  such  profusion,  it  seems  evidently  to  have  been  due 
to  the  northerly  depression  which  I  have  described  opening  a  com- 
munication with  a  part  of  the  sea  nearer  the  lialtic,  where  this 
moUusk  had  Uved  during  the  Crag,  but  from  which  part  some  geo- 
graphical cause  had  hindered  its  migration  into  the  waters  of  the 
Crag  of  Suffolk  or  Norfolk,  or  into  those  of  the  Crag  of  Belgium,  in 
the  beds  of  wliich  it  has  never  been  met  with.  In  dveiy  marine 
bed  of  the  North-Norfolk  cliff,  from  the  chalk  surface  upwards, 
however,  this  shell  occurs,  and  it  characterize!^  also  all  the  fonuap' 
tions  posterior  to  those  wherever  they  are  fossil  if  erous. 

In  tracing  the  beds  of  the  Stage  I  am  describing  southwards  from 
Hopton  and  Corton  Cli£f,  which  is  the  point  furthest  south  at  which 
we  find  the  Contorted  Drift  exposed  in  the  coast-section  with  the 
identical  oharacten  prasented  by  it  where  lost  by  descent  below  the 
beaeh-line  in  the  south-cast  of  Sheet  68,  we  come,  after  passing  the 
freshwater  btds  posterior  to  the  Crag,  overlain,  in  Kessiugland  and 
Pakefield  Cliffs,  directly  by  the  gravel  c  and  Chalky  Clay,  to  the 
low  cliff  of  Covehitho  and  the  two  low  cliffs  of  Eastou  Bavent  (.ill 
in  the  north  of  Sheet  40).  These  are  all  formed  by  the  Chillesford 
Clay  in  its  greatest  thickness,  overlain  by  the  red  and  orange- 
coloured  beds  belonging  to  the  lower  part  of  the  pebbly  sand — the 
uppermost  sands  of  the  Crag,  which  are  white  and  full  of  shells, 
coming  up  under  the  clay  only  in  the  central  one  of  these  three 
cliffs.  At  the  south  end  of  the  southernmost  cliff  of  Eastern  Bavent 
the  Chillesford  Clay  has  been  cut  away,  and  its  place  taken  by  the 
pebbly  sands,  so  that  from  this  point  soiitliwards  to  the  i)oint 
where  the  north-east  extremity  of  the  line  of  lig.  i.  begins  these 
rest  on  the  fluvio-marine  Crag,  and  form  the  whole  or,  at  any 
rate,  the  npper  part  of  the  sands  of  Dnnwich  Oiff*.  In  the 
aonth-west  of  Sheet  68  the  beds  of  the  Cromer  Clil^  in  the  full  thick- 
ness possessed  by  them  in  that  part  of  Norfolk,  are  cut  through  by 
the  valley  of  the  Wensum,  down  which  durini^  emergence  came  the 
Chalky  Clay  as  in  fig.  VI 11. ;  and  in  this  part  also  we  meet  with 
sections  showing  the  unconformability  between  the  Till  and  the 
Contorted  Drift.  Fig.  XYI.  is  taken  from  one  of  these,  near 
Yarrow  House,  Goist  (1}  mile  south  of  the  line  of  fig.  VIII.),  and 

*  See  last  note  for  the  correction  of  the  repreientation  of  tlus  OUff  (as 
Stofci  B)  givan  in  (he  Introdufltion  to  the '  Giig>lfoUiiM)a*  SapptonMnt 
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in  it  the  Till,  coDsiatiiig  of  unstratifiod  sandy  clay  full  of  small 
worn  flints,  differing  in  colaiir  and  In  the  absanM  of  thell  frag- 
ments, Imt  in  other  respects  similar  to       at  the  base  of  Hasboro' 

and  Bacton  Cliff,  Ls  uiiconformably  overlain  by  highly  stratified 
chalky  silt,  just  as  it  is  in  that  cliff.  The  intervening  hollows 
filled  with  sand  at  liasboro'  and  £acton,  however,  do  not  appear 
here. 

tSectious  at  and  near  Snape,  in  fig.  I.,  several  miles  south  of 
Bunwioh,  show  clay  or  loam  exactly  similar  to  that  thus  capping 
Dtmwich  Cliff,  resting  nnoonfoimahly  on  remnants  of  the  TUl  larger 
than  the  scrap  which  has  now*  disappeared  from  Dunwich  CUff, 
and  which  (as  it  did  there)  consists  of  etratified  chalky  clay.  These 
remnants  occur  along  the  edge  of  the  low  i)lateau  forming  the  north 
side  of  the  Aide  valley  ;  and  pits  in  two  of  them  are  touehed  by  the 
line  ot  tig.  1.,  in  one  of  which,  at  Aldringhani  (uven,  this  btratitied 
day  was  overlain  by  sevei  ai  feet  of  red,  dose-bedded  gravel  (c).  The 
day  here  was  Teiy  sandy,  and  its  steatiflcation  was  all  ardied,  as  is 
lhat  of  the  Till  ahont  l^immingham  (on  the  ooast  in  Sheet  68X  and 
it  was  similarly  full  of  interstratified  chalk.  From  the  point  where 
the  sands  6/  take  the  place  of  the  Chillesford  beds  in  Easton  diff, 
they  Btreteli  southwards  through  the  central  part  of  Sheet  4*J  and 
corresponding  part  of  Sheet  50  until  we  encounter  this  clay  again, 
abuUiug,  along  with  the  uppermost  part  of  the  lluvio-marine  and 
marine  devdopments  of  the  lied  Crag,  against  the  islands  of  Coral- 
line-Crag rode  presently  to  he  mentioned,  and  otot  which  the 
Chillesford  sand  and  day  (bnt  not  the  marine  or  flnyio-marine  Crag) 
were  spread  at  the  end  of  Stage  1.  Where  the  Chillesford  Clay 
shows  itself  on  the  north  of  these  islands,  i.  e.  at  Aldboro',  the  sands 
bl  rest  on  and  indent  it.  Thus  the  heaths  of  Walborswick,  Dun- 
wich, and  Westlett)!!,  which  in  the  map  to  the  Introduction  to  the 
'  Crag-Moilusca '  Supplement  are  represented  as  occupied  by  the 
Middle  Gladal  (c),  consist  almost  entirdy  of  the  sand  bl ;  and  as 
the  chief  part  of  these  heaths  are  above  the  junction-line  of  the  Middle 
Glacial  gravel  (c)  with  the  Chalky  Clay,  and  so  formed  islands  in  map 
No.  2,  there  is  but  little  of  this  gravd  over  them. 

Mr.  W,  H.  l>alt()ii,  of  the  (Jeological  Survey,  who  has  mapped 
this  area,  recognizes  the  distinction  of  this  sandy  and  often  stratified 
chalky  clay,  which  1  have  just  referred  to  the  TUl  from  the  Great 
Chalky  Clay  of  Stage  III. ;  and  thus  we  find  the  sea-bed  of  the  earlier 
part  of  the  Stage  I  am  now  tracing,  whidi  is  represented  by  the 
sand  blf  passing  up,  both  in  North  Norfolk  and  in  JSast  Suffolk,  into 
the  earliest  bed  in  the  formation  of  which  the  direct  intrusion  of 
morainic  material  lias  played  tiic  predominant  part,  viz.  tliat  distin- 
guished Jis  A  J;  lor  1>()lli  in  places  along  the  >>  or  th- Norfolk  Ciitt'aiid 
inland,  as  at  (iui^t  cliulk-j)it,  the  material  of  the  Till  is  distinctly 
iuterstra titled  in  the  sand,  in  the  Cromer  (JLiif  at  Trimminghum,  at 
Runton,  and  at  Weyboume,  the  material  of  the  Till  is  interstra- 
tified with  the  sands,  so  that  the  latter,  as  also  in  some  instances 
seams  of  pebbles,  lie  above  ss  well  as  bdow  it^  and  this  inteistiati- 

,*  See  footnote^  OM^  p.  468w 
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fication  is  followed  by  the  main  mass  of  the  Till  reposing  more 
irregularly  upon  the  uppermost  sand  layers  or  pebble  bands. 

tSm  extent  to  whieh  tbe  sand  hi  oomed  l&e  Bed-Crag  area,  as 
diMoaaed  in  Stage  I.,  la  obsenre ;  beoanae  the  yellow  atiatified  aand, 

marked  ?  in  fig.  I.,  seems  to  pass  down  into  the  red  loamy  sand 
which,  from  its  occasiontdly  containing  indurated  bands  with  casts 
of  shells,  can  ])0  recognized  as  the  Ked  Crag  altered,  and  to  some 
considerable  extent  restrutified  also  by  the  decalcifyinfj:  agency  of 
rain-water.  This  yellow  sand  at  the  great  scarp  at  Wilford  Bridge 
(shown  in  fig.  1.)  overlies  an  irregular  aorfSMe  of  the  red  loamy  aand, 
and  ooonpiee  depreaaiona  in  it,  ao  that  but  for  the  banda  of  atiatifioft- 
tion  running  through  both  sands  in  common  they  wonld  appear  aa 
distinot  formations.  As  the  decalcifying  action  has,  however, 
extensively  produced  apparent  restratification  by  rearrang-inpf  the 
soluble  ferruginous  and  argillaceous  materials  which  by  their  colour 
give  rise  tu  the  bands  of  stratification  without  changing  the  position 
of  the  insoluble  residuum  of  sand  grains,  I  think  that  these  red  and 
yellow  aanda,  thna  apparently  atratifiad  aa  one,  are  nererthelesa 
diatinct  fonnationa,  and  that  the  upper  of  them  repreaenta  the 
southerly  extension  of  the  sand  bJ  as  shown  in  fig.  1. ;  for  the 
abrupt  cessation  of  the  Chillesford  beds  at  Chilleeford  and  Butlcy, 
and  their  overlay  at  the  latter  place  aad  at  Aldboro*  by  this  sand, 
seems  to  mo  inexpiicablo  otherwise. 

This  yellow  sand  is  overlain  by  and,  for  aught  that  is  disclosed  to 
the  contrary,  appeaia  to  paaa  op  into  tiw  finely  atratified  brick- 
earth  marked  hS  in  fig.  L,  whidi  is  more  than  50  foot  thidk,  and 
contains  chalky  silt,  chalky  grit,  and  thin  bands  and  patches  of 
chalky  clay  similar,  except  in  the  sraallness  of  the  chalk  lumps,  to 
that  of  Stage  III.,  and  which  in  this  respect  so  resembles  the  Con- 
torted Drift  at  W'eyhourne  on  the  Xorth-Xorfolk  coast.  The  rem- 
nants of  this  brickeailh  wliich  have  escaped  destruction  from  the 
denuding  action  of  the  sea  during  the  rise  of  England  in  Stage 
ILL  are  in  the  north-eaat  of  Sheet  48  conaiderable,  and  they 
formed  ahoala  and  islanda  daring  the  later  part  of  that  Stage  aa 
ahown  in  map  No.  2 :  for  they  extend  beyond  the  line  of  fig.  I., 
another  island  of  this  ])rickearth  overlving  the  v(^llow  sand  at 
Kirton  and  Trimley,  H  miles  to  the  south-east  of  the  lino  in  that 
figure.  Nowhere,  however,  do  we  get  any  thing  ])eyon(l  welLs  such 
as  that  at  Kesgrave,  which,  after  passing  through  4jO  feet  of  the 
brickearth  (the  actual  ezcavationa  in  it  having  stopped  at  40),  entered 
the  sand,  to  ahow  the  precise  rehition  which  it  bears  to  tiie  aand 
beneath*;  but  every  thing  points  to  its  being  a  continuation  of  that 
sand  by  change  of  sedimentary  det>osit.  The  submarine  extrusion 
of  moraine  to  which  the  Till  owes  its  origin  does  not  ap])oar  to  have 
reached  so  far  as  tliis  j>art  of  Suffolk  ;  but  the  clayey  and  chalky  silt 
which  i.s8ued  from  Itie  ice  bottom  wa-shere  thrown  down  in  the  form 
of  finely  stratified  brickearth,  and  in  the  place  of  the  sand  previously 
aeenmnlatad  there ;  while  the  material  of  the  chalky  moraine  waa 

*  At  Hasketon  it  appears  lo  contain  and  be  underlain  bj  grarel  beds,  as 
does  the  Qontorted  JMlt  shown  in  flg.  XV.  aad  that  oapping  Bonwioh  Cliff, 
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occasionally  rafted  by  field-ice  and  dropped  so  as  to  become  inter- 
Btrati£cd  in  it.  The  rise  of  the  sea-bed  at  the  commencemeut  of 
the  gravel  c  and  Chalky  Clay  canaed  mncli  of  thia  Mdmurtli  to  be 
washed  away  by  cnnenta,  so  that  ehannela  were  eroded  through 

it,  and  in  these  the  grarel  e  accomulated,  as  the  Cromer  Cliff  so 
oonspicuoiLsly  exhibits,  especially  towards  its  eajstern  extremity. 
Thus,  though  from  its  identity  mainhj  -with  the  Contorted  Drift 
which  overlies  the  Till  along  the  Cromer  coast  I  have  desig- 
nated it  all  as  6  J,  this  brickearth  in  the  western  part  of  fig.  I.,  pro- 
bably in  its  lowest  part,  represents  also  the  1^  itself,  the  break 
ocoarring  between  iaese  beds  or  between  hS  and  6  i,  fh>m  Baeton 
Cliff  in  Sheet  68  to  the  Aide,  disappearing  in  tiiia  part  of  Sofblk, 
while  still  farther  sonth  all  gives  place  to  the  gravel  h\  as  presently 
to  be  shown.  Drift  ice  carn-ing  portions  of  the  moraine  extruded 
in  shallow  water  or  on  the  shore  (us  occurs  at  places  in  Grceuland), 
and  dropping  it,  has  doubtless  been  the  means  whereby  the  bands 
of  chalky  clay  just  referred  to  have  become  interstratified  in,  and 
patches  of  it  irregularly  scattered  through  the  briekearth«  lliia  is 
especially  the  case  with  this  brickearth  Cromer  to  WeybonmOy 
where  it  is  also  largely  made  up  of  streaks  of  chalk  silt.  At  Blax- 
hall  (in  the  south-east  of  Sheet  50,  and  3  miles  west  of  the  line  in 
fig.  I.)  it  contains  marl  masees  similar  to  those  in  the  Cromer  Cliff. 

It  is  clear  to  me  that  the  ridge  of  Coralline-Crag  rock  which  had 
divided  the  fluvio-marine  from  the  marine  area  of  the  Bed  Crag,  and 
been  overflowed  by  the  waters  of  the  Chillesford  Clay,  became,  from 
the  resistance  which  its  hard  mass  offered  to  the  denuding  waters  of 
the  sea  again  invading  this  region  at'  the  commencement  of  Stage 
II.,  an  island  in  them,  or  more  probably,  as  it  is  divided  by  the  Ald^ 
two  islands ;  and  that  the  soft  Chillesford  beds  which  had  been 
spread  over  this  ridge,  as  well  as  the  uppermost  (or  ScrohinJaria) 
twEids  of  tlie  lied  Crag  which  lay  uj)  against  it  or  on  its  flanks,  were, 
save  on  this  ridgo  and  in  its  immediate  vicinity,  everywhere  else 
in  the  north-esfit  of  Sheet  48  and  south-east  of  Sheet  60,  swept 
away ;  so  that  the  sands  ( 1  were  here  laid  down  on  the  lower 
beds  of  both  the  marine  and  fluvio-marino  portictis  of  the  Bed 
Crag  and  bedded  around  these  islands.  The  remnant  of  these 
soft  strata  thus  preserved  by  contiguit)'  to  this  rock,  and  forming 
a  promontory  to  the  southern  of  those  two  islands  at  Chillesford,  is 
traversed  by  the  line  of  fig.  I.  at  that  place,  and  that  also  which 
formed  a  similar  promontory  to  the  other  island  is  traversed  by 
this  line  at  Thorpe  by  Aldboro**.  A  tract  of  the  same  beds  at 
Butley,  half  a  mile  wide  by  one  and  a  quarter  loug,  formed  a  third 
island,  divided  from  Uie  section  by  the  Butley  Creek.  B^ond  this 
south-westwards  no  trace  of  the  ScrobicuIaria-CTfLg  or  of  the 
Chillosibrd  beds  haa  been  left  until  we  come  to  the  beds  capping  the 

*  After  the  Plate  hnd  becn*|photo-lithograplied  I  found  that  by  hnvinp  onn- 
fuaed  thu  locaht^  of  the  section  at  Snape  with  that  of  oae  in  d,  to  the  north- 
Mat  of  it,  two  imles  of  coimlary  hsd  bem  ondtfeed  Ihmi  the  ^  This 
renders  Um  line  tbaie  tortnooi. 
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Bed  Crag  at  Walton  Naze  and  the  aeotloxi  at  Needham  refoired  toin 

Btage  I. 

It  thus  appears  that  during  or  after  the  acoumTilation  of  beds 
hi  and  butpreviouB  to  or  coincidently  with  the  Betting  in  of  the 
great  aabmeigenee  of  England  during  whieh  the  hfiekeariii  65 
was  fonned,  a  dishirbanoe  of  the  Lower  Gladal  aea-bed  took  plaoe, 
which  caused  the  denudation  ot  hi  and  6i9  over  the  area  between 
Sheetfl  G8  and  48. 

The  masses  of  marl  imbedded  in  the  churned-up  mass  of  the  Till 
and  Contorted  Drift  in  the  Cromer  Cliff  appear  to  me  to  have  had 
their  origin  and  been  thus  introduced  at  the  time  when,  from  in- 
creasing submergence,  and  particularly  from  the  augmentation  of 
thia  in  the  weeterly  dizeetion,  the  ioe  retreated  from  the  poaition 
which  it  oeonpied  daring  the  formation  of  the  Till,  to  take  a  new 
direction  to  the  sea,  in  acoordanoe  with  the  altered  inclination,  as 
detailed  in  tlie  sequel.  In  eoripoquence  of  this  the  ire  •which  had 
issued  through  the  Humber  to  form  the  Till  retreated  to  the  top  of 
the  chalk  Wold,  terminating  in  the  sea  where  this  Wold  is  lowest, 
viz.  in  South  Lincolnshire,  and  where  a  vast  ac-cumulation  of  recon- 
atrooted  chalk,  so  pore  aa,  like  these  marl  masses,  to  he  burned  for 
lime  (and  whidi  is  shown  aa  part  of  the  Chalky  Clay  in  map  No.  1), 
lies  np  against  the  chalk  in  titu  in  Sheets  83  and  84.  This  forms 
a  range  of  hills  as  high,  or  nearly  so,  as  the  Wold  itself  in  that 
part ;  and  out  of  it  the  Bain-Steeping  trough  referred  to  in  Stage 
IV.  has  been  excavated,  this  marl  forming  ono  side  of  that  trough 
and  the  chalk  the  other,  and  at  the  head  of  the  trough  forming  a 
plateau  which  is  contlDuous  with  the  Wold-top.  Bergs  breaking 
from  the  ioe  tbns  terminating,  carried  masses  of  this  aooomnlation 
into  the  sea  and  oyer  North  Norfolk. 

The  masses  of  marl  thus  introduced  into  the  Contorted  Drift  of 
Norfolk  are,  in  the  north  of  that  ennntry,  excavated  both  for  agri- 
cultural purposes  and  for  lime-making ;  and  their  position  in  the 
Cromer-Cliff  section  appears  to  me  to  show  that  for  the  most  part 
they  were  not  introduced  until  near  the  termination  of  the  bed  bS^ 
and  to  have  in  some  cases  snnk  or  beenliaroed  throu^  this  bed.  Bo 
far  as  the  pall  of  d  does  not  conceal  them,  I  have  shown  them  in 
iig.  Vni.,  and  have  endeavoured  tliere  to  convey  some  idea  of  the 
manner  in  which,  as  seen  in  the  cliflf  itself,  they  occur  and  are  con- 
nected with  the  contortions.    They  van,-  much  in  character,  never 
consisting  of  pure  unaltered  chalk,  such  as  is  imbedded  and  some- 
times intorstratitied  in  strips  of  considerable  thickness  in  the  Till, 
but  present  all  gradations  of  glacially  reconstructed  material,  from 
shattered  chalk,  with  disturbed  flint  and  galls  of  day,  to  remoTod 
and  transported  Contorted  Drift  itself.   Thej  mostly  consist  of  ma- 
terial which  is  nndistinguishable  from  that  part  of  the  Chalky  Oay 
whieh  I  have  just  descrilied  as  abutting  in  thick  mass  against  the 
Lincolnshire  Wold  in  Sheets  83  and  84.    Sometimes  in  the  inland 
sections  in  the  south-west  of  Sheet  G8  they  consist  of  finely  stratified 
chalk  silt,  passing  trom  a  white  to  a  pale  lavender  colour,  and 
apUtting  up  into  laminas  as  fln»  as  paper.  In  some  instances  equally 
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large  masses  of  gravel  have  been  introduced  into  the  brickearth, 
giTuig  rue  to  oontortioDS  in  a  aimilajr  way  te  tiie  manes  of  tomxL 
So  far  as 'these  msssee  are  found  in  Noith  Norfolk,  so  fiur  only, 
whether  in  the  cliff  section  or  inland,  do  tlie  great  contortions 
extend ;  for  beyond  this  area  contortions  are  rare  and  of  triding 
extent,  and  are  due  to  other  causes.  The  introduction  of  these  masses 
and  the  formation  of  the  contortions  (which,  as  before  observed,  are 
not  conhued  to  the  upper  part  of  the  Lower  Glacial  formation  called 
par  tstedlmee  the   Contorted  Drift,**  during  the  aodunulation  of 
whieh  they  originated,  but  often  extend  down  to  the  Lower  or  Blue 
Till  part,  the  sand  (bl)  at  the  base  of  it  being  in  some  cases  even 
squeezed  out)  have  evidently  been  the  result  of  grounding  bergs. 
Those  were  of  the  kind  called  by  Nordenskiold  false  bergs,  which  ho 
describes  as  hirg^e  fra^^ments  that  fall  from  the  perpendicular  face  of 
lofty  ice  which  enters  the  sea  on  a  shore  of  easy  idope  and  in  water 
of  moderate  depth,  as  distinguished  from  true  bergs,  which  are  far 
larger  fragments  of  a  glacier  which  enters  the  sea  throu^  a  nar^ 
row,  deep,  and  steep- bottomed  fiord,  and  from  which  tiieyare  lifted 
and  floated  off  by  the  huoyanoy  of  the  water*.    The  ico  at  the 
time  of  maximum  submcrfrenco  resting?  thus  on  the  chalk  Wold, 
and  termiuatini^  in  the  sea  there  in  the  former  manner,  the  moraine 
which  it  formed  heing  chalk,  with  the  slifjjht  intermixtures  just 
described,  was  extruded  into  water  of  no  great  depth,  while  deposits 
of  a  finely  laminated  chsraeter  were  thrown  down  from  the  copious 
supplies  of  chalk  silt  borne  out  by  the  freshwater  streams  that  issue 
from  beneath  the  sea-faces  of  glaciers.    The  same  silt,  carried 
further,  was  in  that  part  of  Norfolk  which  extends  past  Cromer  to 
Weybourne  extensively  interstreakcd  and  intx^rmin^led  with  the 
brown  mud  forming  the  brickearth  of  the  Contorted  Drift,  its  quan- 
tity increasing  palpably  in  the  direction  of  the  Lincolnshire  Wold. 
A  mass  of  ice  breaking  off  from  the  vertical  face  of  this  glacier 
being  of  so  nearly  the  same  specific  gravity  as  water,  and  most  of  it 
falling  from  a  height,  would  enter  the  water  with  force  sufficient  to 
cany  it  to  the  bottom,  which  was  not  deep,  and  also  to  force 
its  jaggod  surface  into  that  bottom,  whence  rising  it  would  lift 
portions  proportional  to  the  size  of  the  berg  and  to  the  force  with 
which  it  fell.    Dritiiug  towards  East  Norfolk,  where  the  submer- 
gence was  least,  these  bergs  passed  to  shallow  water,  so  that  they 
grounded,  churning  up  the  soft  bottom  there ;  and  as  they  mcdted 
they  left  whatever  they  carried,  which  in  most  cases  was  part  of  the 
bottom,  which  they  scooped  up  as  they  fell  from  the  glacier.  Some- 
times, however,  where  the  bottom  was  gravel,  they  have,  in  floating 
off  again,  carried  away  portions  of  this,  and  grounding  in  Norfolk 
have  forced  this  into  the  dec])  and  soft  bottom  formed  of  h  J  and  hS, 
and  eveu  removed  and  reintroduced  portions  of  these  beds  them- 
selves, SO  as  to  cause  perplexing  interruptions  to  the  continuity  of 
the  stratification  in  the  coast-section.   The  disappearance  of  these 
masses  and  contortions  as  these  beds  thin  off  east  of  Mundesley,  in 
the  coast-section  of  Sheet  68,  especially  when  regarded  in  connexion 

•  QeoLlCag.vol.iz.p.863. 
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with  the  easterly  diminution  in  the  snbmergenco  described  in  the 
sequel,  shows  clearly  that  in  this  direction  the  water  became  too 
shallow  for  the  bergs  to  pass  farther ;  but  the  water  deepening:,  as 
we  ahall  aoe,  mthwardB,  some  passed  in  that  direction,  so  that  the 
marl  masMs  are  imbedded  in  6^  at  Blaadiall,  in  the  sontb-eart  of 
Sheet  50  ;  and  were  not  the  intervening  space  almost  all  eonoealed 
by  the  pall  of    they  would  probably  be  found  there  also. 

Brickearths  anterior  to  the  Chalky  Clay  are  Tioticod  in  the  (reo- 
logical  Survey  Memoirs  as  occiirrinpj  in  the  north-west  of  Sheet 
C4;  and  Mr.  Harrison,  of  the  Leicester  Museum,  informs  me  that 
the  beds  of  Stage  III.  are  at  Oadby,  in  the  north  of  8heet  63,  under- 
lain by  a  bed  of  Iniokeaifh ;  but  with  the  exception  of  a  bricikearft 
with  beds  of  gravel  oontaining  derived  apeeimena  of  the  PortlandiaB 
Ortrwi  <fflj)£in#a  at  Stevenage  (in  Sheet  46),  which  I  regard  as  bS, 
no  clear  evidence  of  the  Contorted-Drift  briokearth  is  to  be  found 
south  of  the  Stour  river,  but  in  lieu  of  it  beds  of  gravel  range  to 
great  elevations  all  over  the  south  of  England ;  and  these  I  propose 
now  to  trace. 

Sonthwaida  from  the  point  at  which  thia  Ihift  oeaaea  we  find 
graTd  extending  from  the  bottom  to  tiie  top  of  Danhory  Hill,  and 

crowning  it  at  an  elevation  of  367  feet,  as  is  the  case  with  thd 
Tiptree  ridge  (shown  in  fig.  VII.),  a  few  miles  to  the  north  of  it, 
and  of  which  the  elevatin!i  is  loss.  The  highest  hills  in  the  south 
of  Sheet  1  are  formed  of  outliers  of  the  Lower  Bagshot,  ranging  at 
elevations  of  from  30<)  to  upwards  of  400  feet ;  and  on  these  there 
is  generally  no  gravel  but  that  of  pebble-beds  (marked  viii.  in 
fig.  YI.)i  whioh  are  either  of  Bagahot  or,  more  probably,  of  Bieatiaa 
age.  NerertheleiB  these  were  evidently  onoe  covered  with  thIa 
gravel ;  for  on  one  of  them,  that  of  Warley,  at  the  elevation  of 
370  feet,  I  found  a  patch  of  it  a  few  feet  thick,  exposed  in  digging 
the  foundation  of  a  house.  It  was  composed  of  large  subangular 
flints,  of  smaller  flints,  of  the  Diestian  pebbles  (probably  also  of 
Lower  Tertiary  pebbles),  and  pebbles  of  quartz,  quartisite,  and  sand- 
atxme.  BillericaT  HiU,  in  fig.  YI.,  beiag  identical  In  iti  portion 
relatively  to  ^e  Ohalky  Clay  with  Warley  Hill,  and  of  nearly  similar 
height,  I  have  indicated  by  an  aaterisk  in  that  figure  the  plaee  on 
Billericay  Hill  which  would  correspoTul  to  this  on  Warley. 

On  the  line  di\'iding  Sheets  1  and  (3  the  gravel  occurs  on  the 
summit  of  Telegraph  HiU,  iSwansoomb,  at  an  elevation  of  about 
400  feet*. 

On  Hampstead  Hill  top,  near  the  Spaniards,  at  an  elevation  of 
440  feet,  a  very  small  patdi  of  this  gravel  remains,  and  is  shown  m 
the  Oedcglcal  Sorrey  Map  of  Sheet  7.  In  the  north  of  Sheet  6,  at 
an  elevation  of  557  feet,  gravel  ocenza  on  Well  HiU,  which  is  on 

*  The  Ordnance  reoorda  do  not  coatoin  tbe  eleratiou  of  this  bill;  but,  from 
a  Borfaoe-mark  of  325  feet  to  the  south-west  of  it,  its  fllevBtioii  osnnoft,  I  think, 
be  much  under  400.  I  havo  to  thank  the  Director  of  tho  Ordnsnoe  florvey  for 
information  as  to  the  elevation  of  some  of  the  places  referred  to  in  this  OMmoir. 

Q.  J.  a  S.  No.  144, 
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the  northern  slope  from  the  chalk  escarpment  of  the  Weald ;  and, 
according  to  the  Geological  Survey'  memoir,  this  caps  the  Lower 
Tertiary  outlien  at  Headley  (in  the  east  eentze  d  Sheet  8),  which 
attain  ele^atioiia  of  618  and  627  feet 

Within  the  Wealden  chalk  escarpment,  and  resting  on  the  Neo- 
oomian,  there  occnrs  another  patch  of  this  gravel  on  Bowling-green, 
near  Limpsficld.  T  owe  my  knowledge  of  this  only  to  Mr.  Topley, 
of  the  Geological  Survey,  who  mapped  that  district,  and  who  in- 
formed me  that  the  gravel  was  made  up  chiefly  of  Lower  Tertiary 
pebhles  and  subangular  flints,  and  that  its  elevation,  he  estimated, 
was  hetween  400  and  600  feet.  It  is  shown  in  the  Geoilogieal 
Bnmymap,  Sheet6,  and  lies  abont  9  milea  sontfarwest  of  Well 
HilL 

Proceeding  westwards,  along  the  northern  escarpment  of  the 
Weald,  wo  find  an  extensive  sheet  of  this  gravel  spread  out  in 
North  Hants.  That  portion  of  it  which  lies  in  the  north-west 
corner  of  Sheet  8  extends  up  to  the  edge  of  the  Wealden  excavation, 
tot  one  pateih  of  it  overlooKs  and  oommands  that  exoavation,  lying 
at  an  eleratlon  of  abont  600  feet  at  OiBsai's  Camp,  near  Aldenhot 
(see  figs.  IL  and  III.).  South-west  i^m  this,  and  stretching 
as  far  as  Meadsted  in  the  south-east  comer  of  Sheet  12,  this  sheet 
of  pravel  spreads  out  at  high  elevations  over  the  chnlk  wliich  bounds 
the  We;ilden  excavation  here  and  forms  the  parting  l)etween  the 
drainage  to  the  Thames  and  that  to  the  Soutliunijiton  water.  In 
the  railway-cuttings  it  is  of  very  irregular  thicknens  and  full  of 
large  snbangnlar  fl&ts  reaehing  the  size  of  a  bullock's  head.  From 
this  point  to  the  extensiTe  sheet  of  gia^el  in  South  Hants  the  chalk 
oonntr}',  occupying  for  the  most  part  lower  elevations  than  those 
reached  by  the  gravel  on  either  side  of  it.  has  been  so  denuded  that 
the  cuttings  of  the  railway  wliich  traverses  it  from  Basingstoke,  in 
the  X.E.  of  Sheet  12,  to  beyond  Winche.ster  in  the  north  of  Sheet  11, 
are  quite  hare  of  gravel,  though  the  tops  of  most  of  them  are  below 
400  feet  On  the  ontiangs  of  the  railway  that  brandies  off  from 
Basingstoke  to  Salisbury,  howerer,  at  about  400  feet,  a  few  small 
patches  do  occur,  not  far  from  the  jtmction  of  the  railways. 

The  South  Hants,  or  New-Forest  sheet,  is  delineated  in  the  map 
tn  Mr.  C!odrin,gton's  paper,  page  528,  of  vol.  xxvi.  of  the  Quarterly 
Journal,  and  it  oocu])ies  parts  of  the  south-west  corner  of  Sheet  11 
and  south-east  corner  of  Sheet  15.  Only  small  jwrtions  of  this 
gravel  formation  of  South  Hants,  viz.  those  of  the  highest  eleva- 
tions, belong  to  the  stage  now  nnder  consideration ;  the  rest  has 
(except  so  &r  as  the  lower  layers  of  it  may  represent  the  gravel  at 
higher  elevations)  aecnmulated  during  those  successive  stages  of 
emergence  which  are  di'scribed  hereafter.  Their  relative  positions 
apjK'ar  in  fig.  V.  The  highest  elevation  attained  by  any  portion  of 
this  giavel  in  South  Hants  ap])ears  to  be  liraiushaw  Telegrai>h  Hill, 
in  the  east  of  Sheet  15,  which  Mr.  Codrington  gives  as  419  feet. 
Westward  from  this  gravels  ooenr  at  lufjb.  devatkmB  towards  tiie 
eonth-westem  extrenuly  of  England,  patdies  of  gravel,  composed  of 
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quartz  pebble,  remaiaing  on  dowM,  even  near  the  lizard,  at  eleva- 
tions of  300  aud  400  feet*. 

Northwards  from  Hampshire  the  gravel  of  the  great  submei^nce 
is  extensively  spread  over  the  high  grounds  of  Lower  Tertiary  and 
Chalk  iu  the  north  of  Sheet  12  and  south  of  Sheet  13,  reaching 
elevatioDa  of  about  600  feet.  North-east  l^om  this  it  ranges  over 
the  Lower  TertiarieB  and  ehalk  of  the  north-west  part  of  &b»et  7 
and  south-east  part  of  46,  gradually,  however,  falling  to  somewhat 
lower  elevations  as  it  approaehes  the  edge  of  theCShalky  Clay  in  the 
last-mentioned  sheet. 

Beyond  the  chalk  escarpment,  running  through  Sheets  15, 14,  34, 
13,  and  46,  and  outside  the  limit  of  the  Chalky  Clay,  the  gravel 
occurs  over  the  Jurassic  fbnnatioiiB  np  to  emiliona  of  539  feet, 
near  Oxford  (abont  the  oentre  of  the  dividing  line  between  Sheeta 
13  and  45),  and  to  a  greater  height  in  the  Cotteswold  region,  occn- 
pying  the  east  of  Sheet  44.  The  gravels  of  this  region  are  described 
by  Mr.  Hull  as  reaching  elevations  of  700  feetf.  Mr.  Lucy,  in  a 
paper  on  the  gravels  of  the  Severn,  Avon,  and  Evenlode,  and  their 
extension  over  the  Cotteswold  Hills,  read  before  the  Cotteswold  Club 
iu  1809,  and  printed  for  private  distribution,  has  coniinued  this, 
as  haaPiratFlullipe  also,  in  his  *Geology  of  the  Thames  TalW  In 
this  paper  and  another  snbaequentlj  read  before  the  Cotteswold  dnb, 
Mr.  Lnoy  describes  the  occurrence  of  flints  in  these  gravels  at  ele- 
Tations  exceeding  GOO  feet,  and  the  g:ravels  with  quartz  and  quartzite 
pebbles  up  to  elevations  of  750  feet ;  but  havin!>  found  pebbl{>s  of 
([uartz  and  quartzite,  which  arc  so  characteristic  of  these  gravels,  oc- 
casionally at  greater  elevations  still,  he  infers  that  the  Cottoswolds 
most  have  been  entliely  snbmerged.  Of  this,  however,  the  evidence 
does  not  appear  to  me  reliable,  so     as  it  has  heen  made  known. 

Patches  of  gravel  at  great  elevations  containing  the  remains  of 
marine  moUasca,  like  those  in  the  Moel-Tryfaen  bed,  occur  on  the. 
westom  ed^e  of  the  Pennine  in  Sheet  81,  the  highest  of  which  ap- 
pears to  be  that  found  by  Prof.  Prestwich  near  the  Setter  Dog  Inn, 
above  Macclesfield,  the  elevation  of  which  is  stated  to  be  between 
HOC  aud  1200  feet^,  while  that  so  long  known  from  Mr.  Trimmer's 
disoovery  at  Moel  Tryihen,  near  the  Menai  Straits,  reachaa  the  ele- 
▼ation  of  laSO  feet  In  describing  Stage  lY*  I  shall  explain  why  it 
now  teems  to  me  that  the  gravel  of  these  great  elevations  belongs  to 
the  present  stage,  and  not,  as  I  had  long  supposed,  to  the  oloae  oi 
the  Glacial  period  §. 

*  Budge  in  Trans.  Roy.  GeoL  See.  Cornwall,  vol.  vi.  pp.  1  &  91,  and  Tyaok 
in  same,  xol.  ix.,  quoted  by  W.  A.  E.  Usshor  in  '  The  Posttertisiy  Qeology  of 
Cornwall,'  printed  for  private  circulation  in  1870. 

t  Hull,  in  Quart.  Joum.  Qeo\.  Soo.  toI.  «.  p.  477. 

*  Dnrbiahire,  in  Geol.  Mng.  vol.  ii.  p,  2^JK.  Thev  lui^e  nho  hp^n  found  by 
Mr.  Close  at  1000  and  1200  feet  in  the  eaat  of  Ireland,  near  Dublin  (Oeol. 
ICitg.  deead«  ii.  toL  i.  p.  194). 

§  Thin  cardinal  error  (which  I  auposr  to  have  sharorl  with  all  other  gSoIO' 
^'sts  wlio  havo  givm  attention  to  tne  Qlaeial  Drift)  misled  me  into  suppo-n'ni;.' 
that  the  aubme^nce  of  the  Weald  had  aooompanied  the  formation  of  the 
mtel  marked  /in  Hg,  YI.  (Qusri  Jouni.Chol.  Boa  voL  xxvii.  p.  3);  fin*,  m 
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From  tiie  Gotteiwold  region  and  from  Sheet  53  towards  lincoln- 
ehire  grayel  does  not  occur  at  raoli  high  etovationB ;  for,  in  the  first 
place,  land  of  such  height  does  not  exist  in  that  diroetion,  and  in 
tiie  second  the  degrading  action  of  the  ice  of  the  Chalky  Clay  hf^^^ 
as  far  as  this  ice  reached,  either  destroyed  the  beds  of  this  stage  or 
its  moraine  has  concealed  them ;  but  about  the  centre  of  the  line 
dividing  Sheets  62  and  54,  near  to  fig.  XVII.,  and  just  beyond  the 
limit  to  which  this  ice  appears  to  have  extended,  Mr.  Cropskcv  • 
describes  a  deep  sedion  at  Franldey  Wl  of  mtoivdepoBited  sands 
and  sandy  clays,  with  erratic  blocks  deriyed  from  Wales,  at  an  el^ 
Tation  of  650  feet.  At  West  Haddon  I  found  a  small  patoh  at  a 
considerable  elevation  on  one  of  the  shaded  spaces  representing 
islands  in  Sheet  53  of  map  Xo.  2  (PI.  XXI.)  ;  but  most  of  the 
gravel  in  this  directiou  is  that  described  in  Stage  III.,  and  distin- 
guished in  the  plate  by  the  letter  c,  or  that  described  in  Stage  V.,  and 
idiown  under  the  letter  e. 

On  the  eastern  dope  of  tiie  Pennine,  however,  is.  In  Shesbi  82 
and  87,  we  oughif  primd  facie,  to  meet  with  gravd  patches  neariy,  if 
not  entirely,  corresponding  in  elevation  to  those  on  the  western 
slope  in  Sheet  81 ;  but  we  do  not.  This  has  been  a  subject  of  great 
perplexity  to  geologists,  and  theories  connected  with  currents  have 
heen  offered  to  account  for  the  case.  The  level  to  which  gravel  rises 
on  the  eastern  slope  of  the  southern  extremity  of  the  Pennine  does 
not  appear  to  he  above  350  feet ;  and  drift  of  all  kinds  is  said  to 
be  absent  above  that  level  on  this  slope  as  iu  north  as  the  river 
Aire,  in  Sheet  02 ;  hut  north  of  that  river  to  be  present  in  abun- 
dance up  to  the  water-parting  itself  in  Sheet  102,  over  which  the 
blocks  of  Shap  granite  have  travelled  from  the  western  slopet. 
This  I  shall  discuss  in  relation  to  Stage  V.,  merely  observing  for 
the  present  that  the  formations  of  the  stage  now  under  considera- 
tion appear  to  me  to  have  been  removed  from  this  part  of  the 
Eastern  Pennine  slope  by  the  ioe  of  the  Chalky  Clay  deserihed  in 
Stage  III.,  as  they  have  also  over  the  area  at  lower  elevations 
eoming  within  the  limit  of  the  broken  line  shown  on  Map  Ko.  1. 

In  the  easterly  direction  towards  France  the  gravel  occurs  at  lower 
elevations  than  in  Sheet  6,  the  principal  remnant  of  it  in  that  diieo- 


it  was  c^<^a^  to  me  that  the  Weald  hnd  been  Bubmerged.  and  its  denudation  been 
completed  principally  by  marine,  and  not  by  river-a«ency,  there  eeemed  no 
Other  alternative  than  this,  if  the  Ohalky  Clay  had  eitberbeen  synehronous  with, 
or  been  followed  by,  the  great  submerpeni-e.  The  recognition,  however,  of  the 
fact  that  the  submei^ence  preceded  that  clay  removed  this  raisconeeptiou  and 
many  otben  with  it  The  reatontion  map,  No.  II.,  which  acconjpanies  the 
pnp-^rin  the  Quarterly  .Tournal  just  referred  to  above,  in  which  the  Rubmergenoe 
of  the  Weald  is  ahown,  represents,  eo  fur  as  the  part  south  of  the  North  Downs  is 
conoemed,  very  clo"!e1y  the  condition  at  the  maximum  of  submergence  durin£ 
Stage  II.,  but  not  tliat  north  of  the  Downa.  The  othsr  reatoration  map  to 
that  paper  ( No  II L )  is,  in  view  of  the  aaqneoee  of  ereata  traced  in  the  pr&mt 
memoir,  inapplicable. 

«  "Beport  to  the  Brit  .Aiioo.  of  Om  Oommittae  on  BrratioBIoeki.''  Nature 
ToLzx.p.440.  ' 

t  Dakjna,  Quart  Joum.  Q90L  Boo.  vol  xzriii.  p.  S82, 
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tioD,  though  probably  not  representing  the  height  reaohed  by  the 

8ubmerg:ence  there,  being  the  rather  large  patch  on  the  summit  of 
hlean  Hill,  near  Canterbury.  Gravel  also  occurs  on  the  chalk  pla- 
teau of  Picurdy  up  to  elevations  of  130  feet  or  thereaboutfl  *,  thus 
showing  the  easterly  fall  of  the  line  of  subuiergeuce. 

Erom  Franoe  northwavdi,  through  Belgium,  the  ahm  of  tiie 
Glacial  sea  eeems  to  be  yery  dearly  marked  by  tiie  Campmian  sandt 
a  foimatum  of  littoral  and  partly  subaerial  (or  Dune)  origin,  whidh 
in  some  places  is  underlaiu  by  beds  of  rolled  shingle,  and  in  others 
passes  down  into  the  beds  of  a  foreshore  f.  This  formation,  by  its 
structure,  seems  to  represent  the  gradual  recession  of  the  sea  as  the 
land  rose,  aud  so  to  coincide  with  the  gravel  c  and  e  described  in 
this  memoir. 

Erom  the  more  eastern  port  of  Belgium  the  beds  of  rolled  flints 
shown  in  Domont^i  map,  and  also  described  by  Belgian,  Batch,  and 

French  geologists,  as  inferior  to  the  Campinian,  appear,  so  fisr  as 
they  can  be  shown  to  be  marine  ^,  to  indicate  the  shore  of  the  same 
sea  in  this  direction;  and  there  can  be  little  or  no  doubt  that  the 
extensive  formation  of  sand  and  erratics  covering  parts  of  Holland 
and  North  Germany,  to  which  these  geologists  give  the  term  JDilu- 
fian,  ia  an  aeoomnlation  of  the  same  sea  astiiat  wMeh  I  hm  traced 
as  spreading  oyer  England  after  the  termination  of  the  Bed  Crag, 
and  into  which  also  ti^e  flood-waters  of  the  Bhine  escaped  during 
the  Glacial  summers  which  gave  rise,  as  they  flooded  the  land  near 
the  mouth  of  this  river,  to  the  Limon  Hesbayen. 

Pebbles  of  quartz  and  quartzite  are  abundant  in  the  gravel  which 
caps  the  contorted  Drift  on  the  Cromer  Clifi'  §,  as  are  also  in  some 
places  the  corroded  fragments  of  marine  shells.  In  varying  propor- 
tions these  pebblea  occur  in  all  the  gravels  which  I  have  described 
at  high  levels.  They  have  been  carried  down  successiyely  in  the 
Weald  as  the  emeigenoe  and  denudation  of  that  region  proceeded, 
and  are  found  there  in  gravels  |1  several  hundred  feet  below  the 
elevation  up  to  which  the  gravels  that  I  have  been  tracing  show  the 
"Weald  to  have  been  submerged.  In  the  eastern  ]mrt  of  the  area 
over  wliich  I  have  described  these  gravels  as  occurring  at  high  eleva- 
tions iibB  flints  are  in  exoees  of  pebUee  of  qnarti  and  q[uartzite, 
bat  in  the  western  theee  proportions  are  reyrased.  The  principal 
sonroe  from  which  these  quartz  and  quartzite  pebbles  haye  come 
seems  to  have  been  the  Triassic  conglommte  which  ranges  through 
Sheets  62, 63,  71, 82,  and  thence  northwards,  and  aj^dnat  which 

•  Barrois,  in  Proc.  Geol.  Aaeoc.  for  1879,  p.  31. 

t  Yaadenbioeak  and  Oogab^  'Ann.  Soo.  liilaoologique  ds  Bdge^*  tola  lii. 

and  xiv. 

I  The  Butch  and  Belgian  geologists  are  not  altogether  agreed  to  what  ex- 
tant thess  "  OaiUoiix  roiute  "  are  marine  or  not  Anyfaowthe  deprcsdop  traoed 

in  the  present  stage  cttrried  tlie  sea  of  tho  Campinian  over  a  portion  of  them. 

§  These  gravels,  though  marked  c  in  flg.  VITI.,  beoauao  they  oritfinntod  at 
the  coramenoement  of  the  emergence,  and  continued  as  a  series  during  the 
formation  of  the  Chalky  day,  are  no  doubt  partially  coeval  with  the  gravel  of 
the  culmination  of  submerffence,  which  is  shown  in  tne  other  flciiret  as  V* 

II  Topley  and  Foister,  <^arL  Joum.  GeoL  See.  toI.  xxi.  p.  462. 
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the  western  edge  of  the  ice,  towards  the  last  part,  at  least,  of  its  re- 
treat during  the  present  sta^e.  and  throughout  its  advance  during 
Stage  III.,  rested.  Heuce  their  great  profusiou  on  that  side,  lii 
tbe  oafle  of  the  gravek  aeoomnlated  during  the  adranoe  of  the  ioe 
and  emergence  of  the»hu)d  in  Stage  IIL,  there  u  a  more  intiniale 
connexion  as  regaida  oonstituent  material  between  them  and  the 
morainic  clay,  theee  grayels,  where  they  approach  this  clay,  being 
composed,  in  a  most  marked  way,  of  the  harder  materials  of  which  it 
is  made  up,  so  that  they  are  Hinty  in  the  Eastern,  and  oolitic  in  the 
East  Midland  counties ;  while  in  Sheets  1  and  7  pebbles  from  the 
beds  numbered  iv.  and  yiii.  in  fig.  TL  Ibm  a  considerable  pro- 
portion of  tiie  whole  material ;  «id  in  Sheete  66,  67,  and  48,  the 
rolled  chalk  so  characteristic  of  the  Morainic  clay  ia,  where  the 
gravel  is  overlain  by  this  clay,  associated  in  the  upper  part  with 
the  flints  and  quartzites  of  the  overlying  morainic  mass,  in  which 
position  also  the  sand  of  c  is,  in  Sheet  66,  often  laq;ely  made  up  of 
chalk  grains  *. 

Up  to  the  time  of  the  setting  in  of  the  general  submergence  of 
England,  that  is  to  say  during  Ihe  formation  of  beds  61  and  6i9,tiie 
only  sea  of  which  we  And  any  indication  is  that  of  the  (Hrag,  ex- 
tended northwards  bo  as  to  reach  the  Humber :  and  ecnsequently, 

as  the  inclination  of  England,  so  far  as  it  differed  from  what  it  now 
is,  was  more  easterly,  the  ice,  which  descended  from  the  eastern 
slope  of  the  Pennine,  sought  this  sea,  so  tli?it  tlie  earlifst  Glacial 
accumulation,  the  Till  6  and  the  basement  clay  of  Holderncss 
represent  the  morainio  eztrosion  of  this  ioe  on  the  aands  hi  of  il«* 
bottom ;  and  if  there  be  any  other  glacial  acoomdiationa  of  aimilar 
age  in  England,  they  can  only  be  of  a  purely  terrestrial  nature. 

After  the  completion  of  the  great  submergence,  however,  this  was 
different,  and  the  ice  sought  the  sea  in  its  changed  position,  travel- 
ling to  it  under  the  entirely  altered  inclination  of  England  which 
hud  thus  taken  place,  as  we  shall  see  in  examining  the  phenomena 
of  the  Chalky  Clay. 

To  airire  at  an  idea  of  what  this  inclination  was,  we  must  com* 
pare  the  evidences  of  the  submeigence  in  the  different  parts.  Cromer- 
Lighthoose  hill,  in  fig.  YIIl.,  is  one  of  the  highest  points  in  Norfolk 
which  is  covered  by  marine  gravel  (for  shell  fragments  occur  in  this 
gravel  capping  the  Contorted  Drift  in  the  Cromer  Clitt  ),  and  its 
height  is  247  feet.  The  distance  from  this  to  Moel  Trjfaen,  where 
the  gravel  with  marine  Mollusca  lies  at  the  elevation  of  1350  feet, 
being  230  miles,  and  the  difference  in  altitude  1103  fiaet,  it  would, 
if  the  entire  submergence  were  shown  at  Cromer,  as  it  is  at  Moel 
Tryfaen,  give  the  westerly  increment  of  depression  as  nearly  4*8 
feet  per  mile;  while  the  distance  to  Well  Hill  (where,  from  the 
summit  of  the  <  halk  downs  not  having  been  covered,  we  get  the 
limit  of  subniergenco  at  about  5<jU  feet)  being  120   miles,  it 

*  At  Boaling?,  in  flio  north  of  Slieet  48,  this  premier  of  chalk  in  ubiin- 
danoe  continues  iu  the  upper  part  of  the  grarel,  though  uncovered  by  the  elay, 
for  a  mfle  or  10  onW  beyond  toslinut  readied  bj  the  the  chalk  disappear- 
ing fhm  the  graiwb^foiid  this  diateaoe. 
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would  give  a  southerly  increment,  on  the  eastern  side  of  England, 
of  2*6  feet  per  mile.  As,  however,  thore  was  an  unknown 
depth  of  water  over  Cromer  Hill,  we  muat  compare  the  elevation, 
of  the  gravel  where  it  stands  agamst  oontiguous  uurahmerged 
■nminits,  as  it  does  at  Well  HQl,  on  the  flanks  of  the  GUI- 
tern  and  Marlborough  hills,  and  on  the  eastern  slope  of  the 
Cottcswolds,  with  its  elevation  at  Moel  Tryfacn.  Owing  to  the 
uniformity  of  the  level  along  the  north  Downs,  through  Sheets  8  and 
12,  this  increment  from  Well  Hill  comes  out  at  a  little  more  than 
3*5  feet  only ;  but  from  the  Chiltern  and  Marlborough  lulls  it  is  a 
little  orer  4*4  feet ;  and  if  we  take  the  limit  (760  feet)  above  whioh 
no  aetnsl  heds  of  gravel  ocenr  on  the  Cotteswolds,  as  the  limit  of 
snhmergence  in  that  part,  it  gives  the  same  figure.  A  mean  of  these 
fignree  grrss  vezy  nearly  4  feet  per  mile  for  the  westerly  increment ; 
and  if  wo  reckon  at  that  rate  of  decrease  eastwards  from  Moel  Try- 
faen  to  Cromer,  it  would  show  a  submergence  at  the  latter  place  of 
430  feet ;  but  this,  from  the  evidences  traced  in  stage  V.  of  the 
amount  of  the  rise  during  the  Chalky  Clay,  is,  I  think,  more  than 
was  the  ease.  ■  From  those  evidences,  the  depression  at  Cromer 
would  appear  to  have  heen  little  mora  than  800  feet,  which  would 
allow  upwards  of  150  feet  depth  of  water  above  the  general  sur- 
face of  the  Contorted  Drift,  t.  e.  the  parts  where  this  has  not 
been  forced  up  by  the  contorting  agency ;  and  this  would  be 
sufficient  for  such  fal-o  berp^s  as  I  have  supposed,  from  Nor- 
deuskiiild's  description,  those  must  have  been  which  curried  the  marl 
masBes,  to  float  and  ground  in«  Probably,  therefore,  4*5  feet  per 
mile  is  as  near  to  the  troth  as  we  can  get  for  the  westerly  incre- 
ment. If  we  take  300  as  the  limit  atCromer,  and  compare  it  with  Well 
Hill,  which  is  distant  firom  Cromer  120  miles,  it  gives  the  southerly 
increment  of  depression  as  a  li  .tie  under  2  2  feet  per  mile.  On  the 
western  side  of  Knj^land  the  increment  of  hubmergence,  in-tead  of 
being:  from  north  to  south,  as  it  is  in  the  east,  is  the  rcxt  rse;  and 
the  distance  from  Bramshaw,  in  fig  V.,  to  Macclostieid  being  100 
miles,  there  is  a  northerly  increment  along  thb  line  of  between  4  and 
6  feet  per  mile ;  and  with  this  the  position  ot  6'  on  the  Cotteswolds 
at  750  feet  agrees.  I  shall  collate  these  calculations  with  those 
derived  from  the  evidence  afforded  by  the  ehnation  of  the  junction- 
line  of  the  gravel  c  with  the  Chalky  Clay  over  it  in  Stage  IJJ[.,and  of 
the  gravel  e  over  the  Chalky  Clay  in  btage  Y. 

Stsge  in.  Th§  Middle  Gianni  Sand  mid  Qraod  and  lAs 

ChaUcy  Clay. 

Fig.  ir.  (PI.  XXT.)  is  a  reduction  on  nearly  the  true  scsle  of  that 

at  page  376  of  vol.  iv.  of  the  Memoirs  of  the  (Geological  Survey,  and 
exhibits  the  position  of  the  gravel  of  Xorth  llant.s  described  in  Stage 
II.  relatively  to  the  Wealden  excavation;  and  in  ord<T  to  show  the 
extension  of  the  gravel  northwards  from  the  patch  atCicsar's  Camp  in 
this  figure,  I  have  added  tig.  111.,  constructed  by  myself,  in  wluch, 
nnavcddaUy,  the  vertieal  scale  is  oonsiderably  in  excess  cf  the 
hofifontaL 
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The  ridgo  of  chalk  shown  in  these  sections  is  a  low  part  of  that 
rectilinear  ridge  which,  running  due  cast  and  west,  is  called,  as  it 
xises  to  greater  elevations,  the  Hogsback,  and  fonna  a  portion  of 
the  eaosrpment  of  tiio  Weald. 

Fig.  TV»,  on  the  tme  scale,  is  rednoed  from  a  portion  of  one  of 
the  sections  given  in  the  Geological  Survey  Memoir  of  the  Isle  of 
Wifjht,  and  shows  the  position  of  the  South-Hants  gravel  relatively 
to  the  rectilinear  chalk  ridge  which  runs  through  that  island  and  is 
continued  through  the  Isle  of  Purbeck.  This  ridge  and  that  of  the 
Hogsback  appear  to  me,  along  with  Fortadown  Hill,  to  be  of  diaianct 
origin  from  l&e  general  oorvilinear  eaearpment  and  foldinga  of  the 
Chalk  through  England,  which  resulted  from  disturbanoea  at  an 
earlier  part  of  tiie  Tertiary  period,  and  to  be  due  to  the  moTcments 
which  accompanied  the  recovery  from  the  great  submergence  which 
I  am  about  to  trace.  The  denudation  which  accompanied  these 
upthrusts  of  the  chalk,  both  in  North  and  8outh  Hants,  has,  it 
seems  to  me,  removed  much  of  the  Lower  Tertiary  which,  covered 
hy  had  previously  extended  with  an  eaaier  alope  over  the 
dhalk  aa  the  eariier  Tertiary  movementa  and  drandation  had  left  it 
In  one  or  two  plaoea  gravel  rests  on  the  upturned  chalk ;  and  this 
seems  to  me  to  be  a  remnant  of  that  which  accumulated  during  the 
rise  which  commenced  witli  this  disturbance  and  denudation. 
In  order  to  show  the  connexion  of  the  isolated  bed  of  gravel  on 
Headon  Hill  in  this  section  with  the  rest  of  the  South  Hampshire 
aheet,  I  have  added  another  by  myself  (fig.  V.),  in  whieh  the  ver- 
tioal  aoale  ia  also  nnavoidably  in  ezoeaa*. 

Under  the  influence  of  an  elevatory  movement  in  general  over 
England,  the  local  convulsions  attending  which  have  thus  left  their 
record,  the  sea-bottom  over  which  the  gravel  of  the  great  sub- 
mergence had  been  spread  bep:an  to  rise.  As  it  did  so,  the  action 
of  the  waves  removed  much  (most,  indeed)  of  the  gravel,  leaving  it 
only  in  patches  of  greater  or  lees  ezttmt  in  spots  that,  from  some 
paitienlar  eanae  or  other,  were  protec6d  from  this  action,  until  by 
their  omergenoe  they  heoame  entiiely  firee  from  it.  Over  the  rest 
of  the  bottom  this  action  not  only  removed  the  gravel,  but  denuded 
the  older  beds  also,  so  as  to  produce  for  probably,  over  the  formations 
older  than  the  IMiocene,  in  most  cases  only  to  deepen)  the  troughs, 
valleys,  or  depressions  which  separate  these  remnants  of  the  gravel 
at  highest  elevations  from  each  other.  In  these  denuded  spaces 
gravd  again  aoonmnlated  dnnug  pauaea  in  the  movement  of  devar 
tion,  which  was  anhjeofced  to  tibe  same  action  in  its  torn  as  the 
gravel  before  it  had  been.  Where  the  slope  is  easy,  however,  tliere 
may  have  been  in  some  cases  no  denudation,  and  the  gravel  at 
lower  elevations  may  be  that  which  covered  the  bottom  from  the 
time  of  greatest  submergence  onwards  till  emergence,  such  as  tliat 
marked  c  and  e  in  iig.  V.  If  bo,  the  gravel  «  in  that  figure  would 
represent  e  and  ft'  also. 

*  I  have  availed  myself  of  the  map  to  Mr.  Codringtou's  paper  in  Quart. 
Jmun.  Qaol  Boo.  JoL  sx?L  p.  £88,  ana  tho  Gookfiool  Sivfogr  sheet,  in  con- 
•Inoliog  ttda  leetion. 
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Orer  the  legion  of  fcmiatians  older  than  the  FUooene  the  extent 
to  which  this  denudation  has  oceaned  is  in  moet  eases  not  to  he 
ganged,  hy  reason  that  so  much  denudation  had  preceded  this  which 
vre  are  now  considering ;  but  in  Sheets  68,  67,  66,  and  parts  of  48 
and  50,  or  in  those  parts  at  least  of  them  where  the  Chalky  Clay  in 
great  thickness  has  not  masked  the  preceding  formations,  wc  can 
peromye  the  way  in  which  this  denudation  has  acted  upon  the 
formations  acoumulated  during  stages  I.  and  II.  It  was  in  this  way, 
therefoxe,  that,  as  the  sea-hottom  rose,  the  Contorted  Drift  heoame  bo 
mnoh  denuded  and  separated  into  detached  portions,  such  as  those 
shown  in  fig.  I.,  the  spaces  or  troughs  between  these  detachments 
giving  rise  to  tlio  East- Anglian  valleys*, — valleys  which,  although 
thus  originating,  were,  as  1  shall  show  in  the  sequel,  further  modified 
by  glaciers  from  the  land-ice  of  the  C'halky  Clay. 

The  spaces  thus  excavated  in  and  through  the  Contorted  Drift 
ha.Te  heoi  to  a  great  extent  occnpied  with  the  gravel  e,  so  that  the 
heds  of  Stage  II.  protmde  in  hosses  throogh  it. 

The  progress  of  this  rise  during  the  accumulation*  of  the  Chalky 
Clay  is  shown  by  the  position  of  that  clay  (d)  relatively  to  the 
gravel  of  greatest  submergonco  and  other  formations  of 

Stage  II.,  in  the  accompanying  figures  and  Map  1 1. 

Fig.  VI.  shows  this  along  the  southern  edge  of  that  clay,  fig.  VII. 
along  the  eastern:^,  and  fig.  VIU.  along  the  north-eastern — the 
highest  part  of  the  grarel  marked  e  in  this  last  figore  heing,  as  before 
co^lained,  partially  coeval  with  that  marked  b2  'm  the  other  two 
figures,  as  well  as  in  figs.  II.,  III.,  IV.,  and  V.  The  amount  of 
emergence  which  had  taken  place  when  the  ice  to  which  this  Chalky 
Clay  was  duo  decayed,  I  shall  examine  in  the  sequel ;  but  from  the 
clay  spreading  up  against  the  Hanks  of  the  islands,  shown  in 
figs.  VI.  and  VIII.,  some  way  above  the  sea-level  of  the  time,  the 
amount  of  this  rite  is  not  indicated  by  the  upper  limit  of  the  Chalky 
Clay  in  tiiese  fignres. 

*  See  Karraer  and  myself  in  Quart.  Joum.  GeoL  Soo.  vol.  xxxiii.  p.  74 
t  The  delineation  of  the  Chalky  Clay  in  this  mnp  is,  with  the  oTpeption 
of  Sheet  7,  from  my  own  work  and  that  of  Mr.  F.  W.  Harmer  in  Norfolk ; 
•ave  that  in  the  east  of  Sheet  48, 8outh«west  of  70,  and  south-eaat  of  71, 1  haTe 
been  favourtxl  with  more  accurate  delineation  from  Geological-Survoy  gotireos, 
through  Mr.  Whitaker.  Slieet  7  is  from  the  ^Survey  map,  and  is  the  only 
dieet  of  it  that  I  hare  Men  in  wfaidb  the  Gladal  beds  are  elTen.  Jn  the  noiih- 
west  of  Sheet  (Ui  some  of  the  clay  is  concealed,  or  its  place  i»  taken  by  the 
gravel  e* ;  but  as  this  gravel  has  resulted  from  the  wa«hing-out  of  the  clay,  as 
described  in  Stage  IV.,  and  it  cannot  be  seen  how  far  tiie  clay  may  have  been 
thus  reniored,  and  both  are  10  mixed  up  in  alternate  patches  that,  on  the  Teiy 
small  Bcale  of  the  map,  they  would  be  diffioolt  of  eaparation,  the  whole  ia  ihown 

as  the  clay.   

X  In  thu  figure  VII.  the  bending  of  the  shading  repreienting  the  London 
Clay  wa-s  intended  to  show  \  \\(^  fnhJing  of  the  older  strata  within  this  hill  ;  but 
from  a  section  ou  the  true  scale  fumitihed  me  by  Mr.  Daltou,  of  the  Geoloffioal 
Surrey,  under  wboee  oheerratioii  the  late  well-boriiigi  through  to  thii  hill  have 
come,  Uie  fold  is  much  greater  than  I  have  here  shown  i^  and  so  much  bo  as 
to  bring  beds  III.  and  IV.  above  the  datum  line  in  the  centre  of  this  figure. 
It  is,  in  fact,  exactlv  that  fold  which,  in  the  PhU.  Mag.  for  1864,  I  showed, 
hy^thetically,  should  oocor  at  ««flh  meaeni?a  oonoeame  are  of  ttw  leriM  of 
inuoh  this  hill  fcnned  a  part. 
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In  Stage  II.  I  have  flhown  that  the  great  salmieigmioe  extended 
from  East  Noif<klk  in  an  increasing  degree  soulikwsids,  and  with 

still  greater  increase  westwards  ;  and  at  the  conclusion  of  the  descrip- 
tion of  that  stage  1  have  attempted  to  arrive  at  the  amount  per  mile 
of  this  increment.  Now  the  line  of  gravelly  sea -bottom  in  the 
respective  regions  at  the  time  wlicn  the  Ciiaiky  Clay  was  deposited 
orer  it,  <mttide  tiie  broken  line  in  the  map,  is  thoim  by  the  ele^a- 
tion  at  whieh  tiie  junction  of  that  day  with  the  graTel  e  takes 
place;  and  this  be  found  substantially  to  agree  with  the 
increment  of  submergence  traced  in  Stage  II.,  so  far  as  intervening 
irregularities  in  this  bottom  do  not  interfere  with  the  case,  thia 
junction  being  illustrated  by  tigs.  X.  to  XII 1. 

Beginning  with  fig.  Xlil.  at  about  40  toct  above  Ordnance 
datum,  on  ^  North-Snffi>]k  coast  in  Sheet  67,  this  junction  rises 
to  about  80  or  90  feet  in  the  centre  of  Sheet  66  (see  fig.  IX.).  From 
Sheet  ()7,  south-westwards  to  the  north-east  of  Sheet  1 ,  it  rises  to 
100  feet  in  the  north-west  of  Sheet  48,  to  about  170  in  the  north- 
east of  Sheet  •!  (see  Margaretting  cutting  in  fig,  VI.  ),  and  about 
300  in  the  south-e.-ust  of  Sheet  7.  The  westerly  rise  of  this  line  is 
greater,  in  accordance  with  the  increment  of  submergence,  in 
that  direction,  which  is  traced  in  Stage  II. ;  for  from  lOO  in  the 
north-east  of  Sheet  48  it  rises  to  between  260  and  dOO  in  the 
south-east  comer  of  Sheet  46  (whence  fig.  XI.  is  taken),  and 
tiience  to  about  380  in  the  north  centre  of  Sheet  53,  and  if  I  am 
right  in  my  interj)retation  of  Messrs.  ('rosskey  and  Woodward's 
section  (fig.  XVII.),  to  -lOO  in  Shoot  r)2.  Irregularities  in  the 
depth  at  which  the  sea-bottom,  rejircscnted  by  this  junction  of 
the  gravel  c  with  the  clay,  lay  below  the  sea-surface  interfere 
looslly  with  the  uniformity  of  this  rise  of  the  line;  as,  for 
instance,  this  junction  at  the  north  end  of  sect.  VI.  is  at  about 
150  feet,  and  in  the  north  of  the  Roding  Channel  further  west,  nnd 
80  round  to  the  north-west  side  of  the  small  island  divided  by  it 
from  island  3  at  very  Uttle  more,  whereas  in  the  south-east  of 
sheet  7,  at  Fine  hley,  it  is  from  'Jsij  to  300  feet  *,  which  is  a  greater 
difference  than  the  westerly  increment  would  cause.  The  height 
of  the  gravel  e  aboTc  c,  in  fig.  XVII.,  shows  that  the  bottom  there 
also  was  at  one  place  about  80  feet  below  the  sea-surfaoe.  The 
north-east  of  Sheet  46  also  would  seem  originally  to  have  been  a 
deep  place  if  the  gravel  at  Arlsey  and  Biggle>wade  be  that  marked 
c :  but  I  think  Kuch  is  not  the  case,  for  I  failed  to  find  any  section 
showing  it  under  cf. 

it  we  take  the  position  of  the  clay  d  representing  the  moraine 
as  indicative  of  that  of  the  icef,  we  can  see  that  with  the  dej)res- 

*  From  tbo  dolineution  nf  tl.o  grawl  iti  Siu-elT  oCllie  Geulogioj.1  Survey 
M:tp,  d  would  appear  to  be  underlain  by  c  all  round  Finohley  ;  but  I  found  the 
Cli;ilky  Clay  rr>.tiULr  in  jiluces  on  the  Luiulon  Clay  nvIu'm  tlii>  cuttiuf^.H  of  tlu>  J'Al<r(y 
wuru  Kailway  were  in  prugret)«.  Most  of  the  gravel  aUu  shown  ad  "^bble"  ia 
the  dder  part  of  e,  being  that  called  br  Prot  Hughee,  in  Td.  xnv.  of  the 
Jouruul,  the  "  gravel  of  the  hig^  plain,  whidi  had  to  a  great  degree  emerged 
before  the  ice  reached  it. 

t  The  view  to  which  the  earlier  study  of  the  sutyect  led  me  was,  that  the 
Chalky  Olay  lepreeonted  moraine  extruded  under  the  tea,  or  left  tiiere  aa  the 
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sion  thus  increasing  southwards  and  westwards  on  the  eastern,  and 
northwards  and  westwards  on  the  western  side  d  EngUnd,  the  ioe 
at  the  close  of  theOhalky  Clay  entered  the  sea,  which  at  this  tame 

covered  the  Thames  and  Severn  systems,  and  was  still  sufHcienUy 
deep  to  siibmerp^e  some  of  tlio  water-partiiij^  ])etween  tlie  Thames 
and  Sevcni,  and  that  also  between  the  Severn  and  tho  WoUand,  in 
the  following  way.  It  entered  the  sea  over  the  Thames  system  by 
the  valleys  of  the  itoding  and  Lea  in  »Shoet  1,  by  that  of  the  Golne 
in  Sheet  7,  and  over  the  water^partbg,  probably  then  emerged, 
between  the  Ouse  and  Thames  systems  in  Sheet  46,  orerwhehniDg, 
as  it  did  so,  a  small  island  represented  by  Btewkley  and  the  country 
a  Bhort  distance  around  that  village,  and  another  represented  by 
Whaddon  Chase  ;  while  in  Sheet  53  it  entered  the  Severn  system 
by  the  valley  of  the  Wanrickshire  Avon,  which  is  a  branch  of  the 
Severn.  The  extent  to  which  tlie  water-partings  had  at  this  time 
emerged  I  shall  examine  in  Stage  Y. 

Thns  we  find  the  partially  emeiged  eondition  of  England  at  the 
elose  of  the  Challgr  Clay ;  and  it  is  easy  to  carry  back  from  it  onr 
ideas  to  that  more  anbmcrged  eondition  when  the  laying  down  of 
this  day  commenced,  and  when  ice,  which  had  been  in  existence 
dnrinp  the  formation  of  the  Lower  Glacial  beds  and  b  3  (and,  as 
shown  in  (h  .scribing  Stage  L,  even  during  the  Crag,  though  it  may 
not  have  reached  the  sea;,  alter  retreating  iu  consequence,  even  in 
the  east,  partly  of  increasing  snbmergenee,  but  mainly  from  tiie 
ehanging  inclination  of  the  lemd,  to  the  higher  slopes  of  the  Wold, 
began  to  advance. 

The  fan'^o  of  that  advance,  so  far  as  it  did  not  take  place  in 
the  new  direction  from  cliange  of  inclination  only,  seems  to  receive 
its  obvious  explanation  in  the  elevation  of  the  land  from  the  groat 
submergence  of  Stage  XL,  which  by  gradually  exposing  a  loftier  and 
more  extensive  area  of  the  monntoin  region  of  the  noi&  of  England 
for  the  interception  of  the  Atiantio  vaponr,  caused  an  augmentation 
of  the  ice  in  taking  that  new  direction  which  was  the  consequence 
,  of  the  changing  inclination  of  England ;  and  it  was  in  this  new 
direction  that  the  ice  to  which  the  Chalky  Clay  was  due  advanced. 
Seeking  the  sea,  the  ice  which  descended  the  eastern  8loj)e  of  the 
Pennine  found,  as  it  crept  round  the  lower  flank  of  the  southern 
extremity  of  that  elevated  region,  this  sea  over  the  centre  of 
England,  both  nearer  and  in  greater  d^th  than  in  its  old  direction 
of  Norfolk  and  Suffolk,  while  parts  of  its  former  bed  in  Norfolk 
emerged,  as  shown  in  map  2  and  iigs.  YI£I.  and  IX. 

Sand  and  gravel  (  r)  accumulated  under  the  sea  in  the  channels 
formed  by  the  ancient  valleys  in  older  formations,  and  those 


ice  receded  by  iiuTeasing  snbmiTfrenco  ;  so  that  wlu  u  by  this  it  had  ivtr.utt  d 
from  the  Chalk  Wold,  llio  I'urplf  Clay  wus  exlnulctl  ut  the  time  of  ^'n  atest 
depnmioii.  This  view  ne<'essurily  bt^canie  changed  when  I  peroeived  that  the 
guBnitTgenco  prccc<led  botli  thesf  el  ly^.  mid  thnt  they  were  aeeiimulated  during 
emergeuce.  The  procestt  which  X  had  thus  attributed  to  the  formation  of  the 
Chalky  COay  appbet  to  that  of  tba  Cromer  Till  and  the  Basamsnt  CU/  of 
HoldiniMi. 
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prodaoed  from  denudation  of  tiie  beds  of  Stage  II.  by  the  tea  as  tiie 
land  rose,  sneh  aa  ate  aeen  in  fig.  I. ;  and  aa  by  emeigenoe  thia 
graTel  reached  the  anr&ce,  it  was  in  many  parta  destroyed  by  the 
wayea  while  atill  accumulating  in  the  parte  anbmeiged ;  but  where 

it  was  overspread  by  the  moraine  of  the  ice  as  this  advanced  npon 
it,  while  still  beneath  the  sea,  in  the  way  presently  to  be  described, 
it  was  more  generally  preserved,  though  afterwards  to  a  certain 
extent  destroyed  by  the  thickening  or  shrinking  of  the  ice. 

In  plaoea  in  Sheeto  66,  67,  50,  and  47,  a  band  of  mollnaeaa 
remains,  more  or  leas  fragmentaiy  and  worn,  occura  in  this  sand 
and  gravel  immediately  below  its  junction  with  the  Chalky  Clay, 
as  shown  by  r  in  fig.  XIII.  The  species  ideiitified  from  this 
band  (principally  from  Hopton,  the  place  whence  that  figure  is 
taken)  are  given  in  the  column  of  the  list  in  my  father's  first 
Supplement  to  the  *  Crag  Mollusca,'  headed  "  Middle  Glacial." 
ThsBe  zemaina  preaent  mndi  the  aame  aapeet  aa  thoee  ttm  the 
newer  part  of  the  Bed  Crag ;  bat  there  are  some  of  which  no  trace 
haa  been  found  in  the  Crag,  such  as  Tellina  halthica  and  Venm 
fiuctuosa^  both  of  which  occur  in  the  Bridlington  bed,  and  another, 
unknown  elsewhere,  to  which  my  father  gaye  the  name  of  Trophon 
mediylacialts^  all  of  which  are  not  uncommon  in  this  band.  There 
are  others,  such  as  Vetius  fasciata  (which  is  unique  in  the  Crag), 
that  occur  in  this  band  in  great  profusion ;  and  this  is  one  of  the 
hro  species  fbund  in  Sheet  47,  the  other  being  AxUutU  eomprmcLy 
also  ooonrring  in  Sheet  67  in  great  profoaion  and  in  a  more  perfect 
state  than  any  other  species  than  floaters,  but  which  is  also  common 
in  the  fluvio-raarine  Crag  and  in  the  sand  h  1.  There  are  also  other 
very  small  and  tender  species  not  known  from  the  Red  Crag,  but 
which  are  Coralline-Crag  shells,  and  have  occurred  in  the  Chillas- 
ford  bed  and  fiuvio-marine  Crag,  and  whose  absence  from  the  £,ed 
may  be  attributed  to  the  nnlkTouzable  oonditiona  of  that  formation 
for  their  preservation.  In  the  **  Introduction "  above  mentioned 
Hr.  Banner  and  I  gave  our  reasons,  baaed  on  the  character  of  the 
apecies  themselyes,  for  regarding  these  remains  in  Sheet  67  as  not  t 
having  been  dfrived  from  the  destruction  of  beds  of  Red  or  fluvio- 
marine  Crag  h'^q,  or  from  the  Chillesford  bed  ;  but  at  the  same 
time  we  pointed  out  that  the  remains  had  an  origin  which  was  dis- 
tant from  the  place  of  their  occurrence,  and  had,  most  of  them,  been 
greatly  worn  daring  their  transport  to  it  by  eurrenta  along  the 
bottom,  the  larger  aheUa  being  for  the  most  part  fragmentary,  bat 
the  amaller  species  and  fry  of  the  larger  being  often  preserved 
entire,  though  worn,  while  with  these  were  an  abundance  of  the 
valves  of  Balanus^  quite  unworn,  and  of  the  papyraceous  valves 
of  Ammia  (f)Jiippinm  in  a  perfect  state,  but  which  the  least 
wear  would  destroy.  The  presence  of  these  wo  attributed  to  their 
having  been  adherent  to  floatiug  bodies,  such  aa  aeaweed,  and 
carried,  thus  adherent,  floating  in  the  currents  which  moved  the 
sand  with  the  shdk  and  shell  fragments  over  the  bottom,  to 
aukiaide  as  they  became  detached ;  all  of  which  I  atill  believe  to  be 
correct  inforenoea. 
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Now,  if  wo  bear  in  mind  that  during  Stage  II.  the  eubmorgence  of 
the  region  to  the  north  and  west  of  the  Crag  estuarj',  which  had 
been  land  duiing  the  accumulation  of  the  Crag  beds,  took  place,  and 
thaib  the  searbed  thiu  formed  lay  directly  in  tbe  new  path  whidi 
the  ioe  took  in  coneeqnenoe  of  the  change  of  ineUnataon,  idi. 
along  the  west  of  the  Wold  and  towards  Sheet  67,  in  which  these 
remains  for  the  most  part  occur,  it  is  easy  to  see  that  such  remains 
are  those  of  Mollusca  which  lived  during  St^e  IT.,  and  during  so 
much  of  the  present  stage  as  elapsed  previous  to  their  removal ;  and 
may  not  therefore  be  altogether  synchronous  with  each  other, 
though  all  of  Olaoial  age,  being  the  remains  accumulated  on  the 
sea-bottom  in  eome  looility  fayouraUe  fer  their  existence  during 
this  time,  which  the  ice  in  its  advance  ploughed  out  and  sent  on  their 
travels.  Thus  it  is  that  this  shelly  band,  like  the  d^ris  of  the  day 
itself,  occurs  only  within  some  three  or  four  feet  of  the  junction  of 
the  sand  and  gravel  c  with  the  Chalky  Clay.  It  is  generally  also 
immediately  beneath  or  associated  with  a  vein  of  chalky  gravel. 

We  now  come  to  the  question  as  to  how  the  Chalky  Clay, 
assuming  it,  as  I  do,  to  be  tiie  moraine  of  the  land-ice^  was  deposited 
or  aeoomulated  over  this  sand  and  graveL 

WitMn  the  broken  line  shown  on  Map  1  (PI.  XXI.),  the  clay, 
as  a  rule,  rests  on  the  Mesozoic  formations,  without  the  intervention  of 
a  bed  of  sand  or  gravel,  though  sporadic  occurrences  of  such  a  bed 
are  to  be  found ;  but  I  have  uovcr  met  with  any  instance  there 
where  this  affords  an  example  of  the  junction  of  the  gravel  or  sand 
with  the  day  of  the  kind  shown  in  figs.  X.  to  XIII.  On  the  other 
hand,  the  rare  instances  with  which  I  haye  met  present  iiBatnres 
resembling  the  jagged  termination  of  the  clay  in  fig.  XVIII.,  where 
sand  has  been  forced  up  into  the  clay.  One  striking  instance  of 
this  kind  I  found  disjdayed  at  the  base  of  Graffhara-Wood  cutting, 
five  miles  W.S.W.  of  Huntingdon,  in  Sheet  r)2,  when  the  railway 
from  Huntingdon  to  Thrapstou  was  in  progress  of  construction, 
where,  besides  the  surface  of  the  sand  being  jagged  into  the  clay,  a 
*  portion  had  been  detached  and  imbedded  in  the  day.  (hrer  this 
area  also  the  Mesozoic  floor  on  which  the  day  rests,  where  it  oon- 
sists  of  rock,  is  frequently  disturbed,  groOTod,  or  twisted.  Where 
the  clay  rests  on  the  Chulk,  that  material  is  sometimes  so  altered  as 
to  form  a  greasy  water-holding  marl,  and  often  to  graduate  almost 
into  the  chalkiest  form  of  the  clay  itself.  This  greasy  chalk  prevails 
near  the  Great  Eastern  Railway  about  HarUng  station,  where  the 
Hap  is  shown  as  uncovered  by  the  day,  in  the  south-west  comer 
of  Sheet  66.  In  other  parts  within  the  broken  line  the  chalk  is 
disturbed,  and  the  lines  of  flint  dragged  np  and  displaced  to  a  great 
depth,  as  in  the  case  of  a  chalk-quarry  at  Litcham,  described  by  me 
in  the  'Quarterly  Journal'  for  18GG,  p.  84*.  This  is  immediatdy 
west  of  that  line  in  the  N.W.  of  Sheet  66. 

*  In  this  paper  I  erroneouBly  attribiit«d  the  icp-nclion,  tlius  draping  up  the 
chalk,  to  the  Lower  Glacial  periud.  The  bed  of  chalky  loam  which  I  there 
diowed  as  onderlyiog  the  Chalky  Glay  mav,  perhaps,  not  do  bo,  but  b(^  at  the 
fisTd  dunra  thtn  vndsr  ths  kttar  4  ii,  a  DM  due  to  the  im 
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Outside  the  broken  lino  the  formation  is  usually  underlain  by 
the  sand  and  gravel  f  in  those  parts  of  its  area  which  are  shown 
as  sea  in  Map  2 ;  except  that  towards  the  close  of  the  fonuation, 
in  conseqnenoe  of  a  ohaiige  in  the  mode  in  whioh  the  ioe  aoted, 
which  I  ahoU  deaerihe  in  iSke  sequel,  the  ioe  has,  in  the  same  my  in 
which  it  haa  done  in  the  valley-bottoms  through  which  at  the  close 
of  the  formation  it  issued  to  the  sea,  destroyed  the  gravel  and  such 
hcch  of  Stage  II.  as  there  may  have  been  there,  and  loft  its  moraine 
resting  directly  upon  the  older  Tertiary  and  Mesozoic  strata.  The 
way  in  which  tlio  clay  sweeps  down  over  the  edges  of  successive 
PUooene  heda  through  whidi  tfaeae  TalkjB  have  heen  cat,  and  on  to 
the  older  fbrmation  which  conatitatea  the  yalley-hottom,  I  ahall 
more  fully  describe  in  the  sequel. 

The  clay  is  thickest  where  not  underlain  by  any  Pliocene  forma- 
tion, that  is  to  say  whore  it  has  been  heaped  up  on  or  against 
some  of  those  islands  shown  in  Map  2,  which  were  overwhelmed 
or  enveloped  by  the  ice,  as,  for  example,  near  the  centre  of  the 
division  between  Sheets  51  and  47,  where  the  railway  excavations 
and  well  at  Horaeheath  showed  it  to  he  120  feet  thick ;  in  Ihe 
aooth-eaat  of  52,  where  it  has  been  banked  np  against  the  Keo- 
oomian  eand-hiU  ci  Pottou,  and  where  the  well  at  Longstow 
railway-station  traversed  100  feet  of  it.  In  the  centre  of  the 
same  sheet  also,  over  the  islands  lying  between  the  Oiise  and 
the  Nen,  I  heard  of  wells  having  been  sunk  through  an  e(jually  deep 
mass  of  it;  and  it  lies  deep  against  the  Wold  in  Sheet  Its 
thickness  where  it  overliea  Pliocene  formations,  on  the  contrary, 
seldom  reaches  50  fbet^  and  is  more  frequently  under  20. 

The  contact  or  junction  of  the  formation  thus  described  with  the 
gravel  c  beneath  it  varies  in  character,  and  I  have  selected  the  cases 
represented  in  figures  X.  to  XIV.  for  its  illustration. 

In  fig.  X.  the  sand  and  gravel  is  not  (juitc  abruptly  succeeded  by 
the  clay,  but  passes  into  it  by  a  few  inches  of  material  which  is  an 
intermixture  of  both.  In  fig.  XI.,  after  the  deposition  of  a  small  thick- 
ness of  the  clay,  the  formation  of  the  sand  and  gravel  has  been  le- 
sumed,  and  the  clay  thus  become  interstratifleid  in  the  sand  and 
gravel.  The  process  appears  to  have  been  tranquil  and  uninter- 
rupted beyond  the  brief  resumption  of  gravel  dci>osit.  Fig,  XII, 
shows  similar  features  in  these  respects,  but  varying  in  the  iiiter- 
Btratitied  band  of  the  clay  being  tliicker  and  in  its  slightly  bending 
down  into  the  sand  and  gravel.  The  lower  bed  of  the  clay  in  this 
section  was  much  more  chalky  than  the  upper,  which  would  show 
that  in  Uie  interval  between  the  deposition  ti  the  first  portion  and  the 
next,  and  during  which  the  intermediate  band  of  e  was  accu- 
mulated, the  character  of  the  moraine  reaching  the  spot  had  some- 
what changed  sf)  far  as  regardrd  tlic  ]iroportion  of  chalk  in  it.  The 
band  of  c  thus  intervening  here  was  loamy*. 

There  can,  I  think,  be  uo  question  that  thei>c  instances  show  that 
by  some  means  the  moraine  of  which  the  clay  is  composed  was  in- 

*  I  am  not  sure  that  the  clay  of  this  figure  ma^  not  he  tho  Till,  and  the  aand 
beoMth  bl  inatend  of  «,  hoi  I  ihhik  not. 
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trodaoed  traaqqilly  oyer  a  tea-bottom  in  which  sand  and  gravel  had 
up  to  this  time  been  accumulating ;  and  the  question  therefore  arisea 
in  what  way  this  took  place.  In  the  (lool.  Mag.  for  Auj^ust  1872, 
p.  3G4,  Prof.  Nordenskiold  gives  iliustrations  of  the  various  modes 
in  which  the  Greenland  and  Spitzbergen  ice  passes  to  the  sea.  Id 
fig.  6  of  his  Olufltrations  he  tihows  it  in  no  great  tliioknen,  pre- 
senting alowand  shelTing  face  to  the  sea,  and  preceded  by  a  mad-bank 
sloping  also  to  the  sea  and  identical  in  shape  with  the  mass  marked 
d  in  the  figure  (XVII.),  which  I  have  copied  from  Messrs.  Crosskey 
and  \yoodward'8  notice  of  sections  in  the  neighbourhood  of  Bir- 
mingham, presently  described.  This  mode  Nordenskiiild  describes 
as  having  given  place  in  one  instance,  within  the  space  of  .two 
years,  to  ti^e  catting-oat  mode  of  entiy»  irbieh  hft  Sbayn  by  kk 
figure  5« 

This  advandng  mud-bank  appears  to  me  to  have  been  the  method 
by  which  the  morainic  material  constituting  the  Chalky  Clay  was 
laid  so  tranquilly  on  the  gravel  of  the  bottom  of  the  sea  over  which 
the  ice  was  creeping,  while  it  also  overwhelmed  the  islands  with 
which  that  sea  was  studded ;  and  that  in  this  way  a  cushion  was 
formed  for  the  ioe,  which  protected  the  grayel  from  dcatmction  by  it ; 
nntil  by  the  great  thickening  of  the  iee  nearer  its  source  (i.  e.  within 
the  broken  line  of  Map  no.  1),  it  crushed  out  both  the  protecting 
cushion  and  the  gravel  also,  forcing  it  all  onward  as  new  moraine, 
which  it  in  some  parts  piled  up  against  and  upon  the  islands  wliifh 
it  hud  overwhelmed,  and  in  others  It-it  in  siiu  ;  or  until,  from  the 
mode  in  which  it  issued  to  sea  having  changed  to  the  cutting-out 
one  ahovvu  by  Xordenskiold's  figure  5,  the  gravel  and  the  moraine 
at  first  laid  over  it  were  near  those  issues  cut  out  by  the  iee  to  be 
leplaoed  by  moraine  aoonmulating  in  places  beneath  it.   Where  the 
broken  line  crosses  the  north-west  corner  of  Sheet  50  this  proeess 
is  distinctly  apparent ;  for  here,  at  KnattishaU,  d  resting  on  c  pre- 
sents the  same  condition  of  stitf  heavy  clay  which  is  universal 
outside  this  line  ;  but  immediately  west  of  KnattishaU  it  changes 
abruptly,  and  resting  on  the  chalk  without  any  of  c  under  it,  d  pre- 
sents, over  the  part  where  it  extends  for  several  miles  to  the  west  of 
this  village,  the  eondition  of  a  light-coloured  gritty  moraine,  which 
some  of  the  pits  show  to  include  streaks  and  masses  of  this  stiff 
heavy  dark-coloured  usual  form  of  the  clay  twisted  up  in  it.  It  is  evi- 
dent that  all  this  moraine  has  been  formed  from  the  destruction  of  e 
and  of  d  in  the  original  form  in  which  it  was  deposited  over  c,  as  well 
as  probably  from  the  destruction  of  b  J,  with  the  addition  of  chalk 
from  the  Hoor  on  which  these  rested.    This  general  crushing-out 
has  given  rise  to  the  features  within  the  broken  line  of  Hap  1,  and 
the  cutting-out  I  shall  desoribe  as  prevailing  over  the  parts  where 
the  ioe  at  the  close  of  the  formation  issued  to  the  sea ;  for  tho  change 
from  the  mud-bank  mode  of  entry  into  the  sea  to  this  cutting-out 
mode  seems  to  have  occurred  at  one  ])artieular  time  over  tho  easlorn 
area  of  the  formation  ;  so  that  the  clay  with  prravel  under  it,  which 
occupies  most  of  that  part  of  the  area  outside  tho  broken  line  which 
appears  as  sea  in  Map  2,  hat  the  gwriL  gensnUy  eat  out  of  the  valley- 
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bottoms,  and  is  fringed  at  its  outer  edge  with  spaces  in  which 
tlie  gravel  has  been  more  extensively  cut  out — such,  for  instance, 
88  part  of  the  yalle^s  covered  by  the  day  in  fig.  YI.,  which  at 
the  northern  eztremity  of  the  line  of  this  figure  hsTe  the  gnrel 
under  the  clay,  but  which,  as  the  ice  advanced  over  island  No.  8, 
have  had  the  gravel  entirely  ploughed  oat  of  them,  so  that  d  rests 
directly  upon  the  Eocene.  Exactly  tlie  same  thing  is  phown  by  the 
chanucl  represented  by  the  valley  of  the  Koding  wliich  separates 
itilaud  Xo.  3  from  the  next  island  westward  ;  for  at  the  northern  end 
of  this  channel,  close  to  the  dividing  line  between  Sheets  1  and  47, 
the  gravel  in  fall  thidmees  (ss  in  fig.  YL)  undeilies  tiie  olay,  bat 
thence  to  the  soathenunost  edge  of  the  Chalky  Clay  the  whde 
gravel  (excq[>t patches  of  crushed  pebbles  at  the  Theydons,  at  Staple- 
ford  Tawnoy,  and  at  Willingdale)  lias  been  wholly  ploughed  out. 
In  the  channel  between  this  island  again  and  the  next  west  of  it, 
which  was  constituted  by  the  valley  of  the  Lower  Lea,  the  same 
cutting-out  has  occurred — the  gravel  underlying  the  clay  in  the 
north  of  this  diannel  (where  it  enters  Sheets  47  and  48),  but  being 
absent  st  the  sonthem  end,  except  high  np  against  the  edge  of  the 
island  in  the  east  of  Sheet  7,  where  (at  Finchley)  it  had  been  covered 
by  moraine  before  the  ice  shrank  in  this  cutting-out  way  into  the 
Lea  valley,  as  I  shall  presently  show  it  did  in  the  case  of  all  the 
East-Anglian  valleys. 

Where  the  ice  overwhelmed  the  islands  the  moraine  was  sometimes 
forced  into  their  surface,  where  this  consisted  of  soft  materiaL 
Fig.  X7.,  taken  from  an  islet  of  emerged  hSy  tSbnomu  in  Map  2  (on 
the  south  of  the  Waveney,  and  in  the  north  centre  of  Sheet  50),  is 
an  instance  of  this. 

In  fig.  X.  A  I  have,  on  a  larger  scale,  represented  the  transition 
from  the  gravel  to  the  clay  where,  from  being  at  the  present  time 
exposed  by  slips  in  the  railway-cutting  on  the  east  side  of  Wester- 
field  station,  it  can  be  examined  minutely. 

In  this  esse  the  upper  portion  of  the  ssnd  end  graTsL «,  perfectly 
horisontal  and  nndistorhed,  snd  oontsining  lumps  of  rolled  dialk 
derived  from  the  moraine,  is  overspread  by  a  horizontal  band  of 
yellowish-whit  e  marl  ((?')  from  1  to  inch  thick.  Upon  this  baud  Ues 
one  of  sand  similar  to  the  sand  of  the  sand  and  gravel  c  below,  and 
of  about  the  same  thickness  as  the  marl  band  ;  and  upon  this  again 
comes  another  band  ot  marl  d'  identical  in  character  and  thickness 
with  the  first ;  and  on  that  the  amorphoos  morainic  day  d  rests. 
This  day  here,  as  it  frequently  does  elsewhere,  contains  smtUl  podcets 
df  gravel,  c\ 

These  features  appear  to  me  to  indicate  the  following  process, 
▼iz. : — First,  and  while  the  moraine  bank  was  at  some  distance  from 
the  sjx)t,  rolled  chalk-lumps  were  carried  from  it  and  imbedded  in 
the  sand  and  gravel  as  this  was  accumulating.  Then,  as  the  moraine 
approached  very  near,  chalky  silt,  produced  from  the  attrition  of 
the  dudk  whidii  makes  up  so  largo  a  proportion  of  the  morainic 
day,  was  canned  into  the  sea  hy  the  stream  of  fresh  water  which 
arises  from  the  thawing  of  the  snrf aoe  of  the  Isnd-ioe  and  of  th« 
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snow  upon  it  during  summer,  and  issues  beneath  that  ice ;  and  the 
sediment  from  this  produced  the  first  or  lowest  marl  band.  Winter 
intervening,  this  ceased,  and  for  the  time  the  deposit  of  sand  was 
resumed,  giving  rise  to  the  thin  band  of  that  material  which  divides 
tlLe  two  thin  bands  of  marl  from  each  other.  When  from  the  Bummer 
meltings  the  stream  of  silt  poured  oat  again,  the  npper  marl  band 
was  laid  down  ;  and  before  this  again  ceased  the  moraine  itself  came 
upon  the  spot  by  a  process  of  slide,  the  material  being,  from  the 
water  present  in  it,  in  the  mobile  condition  of  mud. 

The  cx>mmencement  of  the  cutting-out  process  was  (when  I  drew 
it  in  1864)  visible  at  two  points  in  the  long  section  of  the  clay  rest- 
ing on  c  given  by  the  North-Suffolk  Cliff,  in  Sheet  67,  at  Hopton, 
the  clay  being  in  these  spots  pressed  down  into  the  snbjaoent  sand 
and  gravel  e,  which  near  the  junction  was  in  consequence  disturbed 
and  squeezed  outwards,  and  the  hollow  produced  by  the  pressing 
down  was  filled  with  the  j^ravel  e  resting  on  the  clay.  In  tbe.se 
instances  the  process  went  no  further ;  but  where  the  "VVavcney 
valley  cut8  through  the  low  tableland,  of  which  this  North-Suffolk 
Clifif  forms  the  section,  the  clay  passing  through  the  gravel  c  plunges 
sharply  into  that  yalley  down  to  and  under  the  alluvium,  eutUng  out 
that  gravel  in  the  same  way  that  is  shown  in  the  ease  oi  the  ]E3aok- 
water  valley  by  fig.  VII. 

Fig.  XIV.  represents  the  same  thing,  and  is  taken  from  the  edge 
of  the  Blyth  valley  at  Bulchamp,  the  plunging  clay  lying  like  a  wall 
against  the  sand  and  gravel  :  and  it  was  this  which,  in  the  earlier 
days  of  m\'  investigation,  misled  me  into  the  idea  that  the  formation 
was  faulted. 

In  fig.  XI.  the  seam  of  d  intercalated  in  e  may  so  appear  from 
the  section  intersectiDg  the  point  of  the  mud-bank  as  first  laid  down, 
fbllowed  by  a  rwumption  of  gravel  accumulation  before  the  bank 
advanced  again,  or  it  may  be  due  to  the  dropping  of  material  dragged 
from  the  adjacent  mud-banks  by  fioe-ice. 

In  the  north-east  of  Sheet  45  and  south-east  of  53,  the  junction 
was  preceded  by  the  introduction  into  the  gravel  of  a  large  number 
of  rofonded  boulders  reaching  to  the  size  of  a  horse's  head,  just  as  in 
Sheet  48  it  was  preceded  by  the  introduetion  of  rolled  dhaUc.  This 
I  found  in  a  large  aeetioiL  at  Burcott  Wood,  near  Towoester,  in 
Sheet  53. 

In  the  Proceedings  of  the  Birmingham  Natural-History  Society 
for  1870,  a  section  at  California,  near  Birmingham  (in  the  south 
centre  of  Sheet  CJ2),  is  given  with  a  detailed  description  by  Messrs. 
Crosskey  and  Woodward.  This,  as  it  seems  to  me  to  show  in  a 
striking  manner  both  the  mode  in  which  the  Chalky  Clay  came  upon 
the  8ea*bottom,  and  the  way  in  which  the  allowance  must  be  made 
between  sea-bottom  and  sea-top  in  tracing  the  level  of  the  sea  at  the 
dose  of  that  formation,  as  I  do  in  Stage  V.,  by  the  height  of  the 
gravel  over  that  clay  in  the  parts  where  it  then  entered  the  sea,  I 
have  copied  for  illustration  hero  as  fig.  XVII.,  altering  it  only  to 
the  extent  of  applying  to  the  several  beds  the  indicative  letters 
which  correspond  to  those  used  in  the  other  figures  of  this  memoir. 

a  J.  a.  S.  No.  144.  2h 
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The  bed  marked  6  in  it  is  described  by  Messrs.  Crosskey  and  Wood- 
ward as  a  ground  moraine  containing  striated  blocks,  and  was,  I 
infer,  moraine  formed  on  land  prior  to  the  retreat  of  tlie  lee  as  tiie 
■ea  invaded  this  region  dnzing  the  sinking  of  the  land  in  Stage  11. 

The  day  so  marked  d  is  not  described  by  these  gentlemen  as  con- 
taining chalk ;  but  I  feel  no  doubt  that  it  is  the  Chalky -Clay  forma- 
tion accumulated  beyond  the  limit  to  which  the  chalk  debris  reached 
in  the  moraine,  for  this  debris  diminishes  greatly  through  Sheet  (33. 
They,  however,  say  that  it  contains  pockets  of  gravel  and  sand,  the 
former  being  small  and  water-worn ;  and  this  is  the  case  with  the 
Chalky  Clay  in  many  places,  as,  for  instance,  in  that  oyerlying  e  in 
fig.  X.,  where  they  are  shown  by  the  lettw  e*.  It  seems  to  me 
that  at  this  place  the  mud-bank  entered  the  sea  where  this  was  at 
first  80  feet  deep,  but  eventually  only  GO.  The  sloping  face  of  this 
bank  is  that  which  is  overlain  by  the  gravel  e,  while  the  gravel  c 
represents  the  sca-hottom  on  to  which  it  slid.  As  the  morainic 
material  slid  down  this  face  each  summer  on  to  the  gravel  bottom, 
it  ndled  up  the  graTel  deposited  thinly  «i  its  dope  in  the  interval, 
ineorporating  it  in  pookets  in  the  day.   

In  fig.  XVI.  (which  is  about  IJ  mUe  south  of  Guist  in  fig.  Vill.), 
a  band  of  c,  about  a  foot  thick,  runs  through  the  Chalky  Clay  at  an 
inclination  corresponding  with  the  face  of  the  mud-bank  in  Xordon- 
skicild's  figure,  and  with  that  in  fig.  XVII.  A  talus  of  the  clay 
over  the  low  er  end  of  it  prevented  my  seeing  how  this  baud  terminat<xl 
in  the  clay ;  but  it  seems  to  me  to  be  simply  the  gravel  formed  on 
the  sloping  faoe  of  the  mnd-havk  during  a  short  interval  in  wMdi  no 
aooeBSion  was  made  to  it,  and  whidi,  when  acoeseion  took  place,  in- 
stead  of  being  rolled  up,  was  covered  by  the  mud.  The  absence  of 
gravel  under  the  olay,  which  here  rests  on  the  Contorted  Drift  directly, 
is  thus  not  due  to  the  moraine  being  laid  down  above  water  ;  for  tho 
elevation  of  the  section  is  below  that  at  which  on  either  side  of  the  line 
of  fig.  VIII.  the  junction  of  c  with  d  occurs,  thia  junction,  though 
for  most  part  deetroyed  by  the  snbeequent  cattmg-ont  aotion.  of 
the  ice  along  the  valley,  being  still  preserved  on  either  side  of  the 
line  of  that  figure,  viz.  iu  Fakenham  town  in  the  one  direction  and 
}  mile  E.S.E.  of  fig.  XVI.  in  the  other. 

When,  by  the  retreat  of  the  Chalky-Clay  ic^,  tho  progress  of  this 
bank  in  fig.  XVII.  ceased,  the  sea,  instead  of  the  little  gravel  it 
deposited  in  winter  being  rolled  up  the  next  summer  into  pockets 
as  the  mud  moved  again,  deposited  without  interruption  its  gravel 
{e)  over  the  doping  faoe  of  the  bank,  now  no  longer  reomited 
with  morainic  material.  This  it  did  up  to  the  height  to  which 
the  sea-Burface  rose,  the  bank  forming  its  foreshore,  no  appreciable 
cnange  in  the  level  hanng  in  the  interval  occurred.  Such  gravel, 
therefore,  though  it  overlies  the  clay  (/,  necessarily  inosculat<»3 
with  that  marked  c,  of  which  beyond  the  tail  of  tho  bank  it  was 
the  immediate  and  uninterrupted  continuation.  The  gravel  e  is 
described  by  MessiB,  Crosakey  and  Woodward  as  more  clayey  than 
e ;  and  this,  I  infer,  was  in  oonsequence  of  the  wash  of  the  wsves 
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against  the  upper  edge  of  the  bank  of  t/,  where  this  bank^  after 
tho  ice  hud  disappeared,  was  left  as  the  foreshore. 

Aeooidixig  to  Ifeian.  GroBskey  and  Woodward,  the  level  of  the 
oanal  here,  where  the  junolion  of  c  with  d  oeoniBy  is  460  feet  *■ 
above  Ordnance  datum.  This  was  the  searbottom ;  bat  the  level 
of  the  sea-top  is  indicated  by  the  gravel  and  this  was  as  much 
higher  than  tho  bottom  as  that  gravel  resting  on  d  is  above  the  place 
where  it  rests  on  c  beyond  the  tail  of  the  bank,  whioh  is  about 
10  fathoms. 

It  is  evident  that  where,  or  when,  moraine  is  beneath  the  glaeiery 
ike  tee  oannot  degrade.  If  degradation  then  takes  place  it  must  he 
effected  by  the  motion,  not  of  the  ice,  but  of  the  moraine  itself ; 
and  we  see  an  instance  of  this  in  flg.  XX.,  where,  daring  the 

shrinkage  of  the  ice  into  tbo  (Jipping  valley,  an  shown  in  fig.  I  a, 
this  moraine  has  ploughed  out  the  sand  ;  but  as  we  Hnd  large  spaces 
within  the  central  limits  of  the  Chalky-Clay  formation  uncovered,  or 
nearly  so,  by  the  moraine — such  as  those  in  ISheets  Gii,  G4,  Co,  and 
51 — ^it  is  evident  that  it  has  been  stripped  from  this  pavt  as  the  loe 
advanced,  to  oontribnte  to  the  material'  of  tiie  moraine  which  has 
been  accnmnlated  nearer  to  the  outer  edge  of  the  ice. 

It  is  only  on  the  assumption  that  the  moraine,  after  its  first  de- 
position, formed  a  protecting  cushion  to  the  subjacent  rock,  that  I  can 
find  an  ex]»lanation  of  the  charnotrr  of  the  clay  in  Sheet  1  ;  for  the 
clay  here  contains  only  the  hard  chalk  of  Yorkshire  and  Lincolnshire, 
or  of  those  layers  near  the  base  of  that  formation  which  crop  out 
in  l^e  west  of  Sheets  46  and  61.  Now,  nnless  the  soft  chalk  cf 
Sheet  47  had  been  first  covered  by  a  cu^on  of  moraine,  and  thns 
protected  from  degradation,  could  the  material  from  it  have  escaped 
forming  a  part,  and  tliat.  iiiflcf'd,  much  the  greater  part,  of  the 
chalk  contained  in  the  clay  in  bheet  1?  The  case  is  similar  with 
Sheets  47,  4S,  and  ')(>, 

It  is  in  this  way,  then,  only  that  the  ice  could,  it  seema  to  me, 
have  passed  over  Uioee  parts  where  newer  PUocene  beds,  antecedent 
to  the  CShalky  Clay,  remain  nndestroyed ;  for  even  in  the  valleys  there 
this  destrodaonha^^  occurred  from  the  thickening  of  the  ice,  as  I  shall 
show  presently.  Much  of  the  ice,  therefore,  ontside  the  broken  line 
seems  to  have  had  no  great  thickness. 

"Where  this  antecedent  cushion  of  moraine  has  been  cut  through 
by  the  ice,  tlie  tloor  of  older  formations  is  disturbed ;  and  where  this 
is  hard  it  is  sometimes  grooved,  and  over  this  disturbed  floor  later 
moraine  has  been  brought.  This  feature  is  very  conspicnons  in  the 
bottoms  of  the  Norfolk  valleys,  where  they  are  not  concealed  by 
gravel  and  alluvinm ;  but  these  more  recent  deposits  have  filled  np 
those  valleys  to  so  considerable  an  extent  since  the  ice  pasaed  down 
them  as  to  conceal  to  a  great  dcgr(  o  the  phenomena  produced  by  the 
tlhalky-Clay  ice  at  the  period  of  its  greatest  extension. 

In  Map  2  (L^L  XXI.)  those  parts  which  rise  well  above  the  level  of 
the  junction  of  the  day  with  the  sand  and  gravel  e  beneath  it,  tti  their 
mmediaU  neighbcwrhood^  are  in  shade,  and  so  api^ear  as  ialands 
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around  which  this  sand  and  graTd  aoeamvlated,  as  i^poan  also  from 
figs,  yi^  Vll.,  and  IX.  A  eomparison  of  this  with  ICap  1  In 
the  field  will  show  that  this  delineation  is  thus  founded  on  actual 
evidence  from  the  broken  line  as  far  as  the  edge  of  the  clay.  Be- 
yond this  edge  the  delineation  is  based  on  the  continuation  of 
the  rise  of  the  sea-bottom  represented  by  this  line  of  junction, 
according  to  the  increment  of  submergence  traced  in  Stage  IL, 
which  Tcry  fairly  agrees  with  that  of  the  line  of  this  junction 
as  fur  as  it  extends,  and  with  that  of  the  line  of  the  gravel  over  the 
olay  (e)  which  I  shall  trace  in  Stage  Y.  Within  the  broken  line,  over 
the  part  where  the  junction  has  been  for  the  most  part  destroyed, 
this  delineation  is  continued  only  in  outline,  and  on  the  basis  of  the 
decrease  in  the  snbmer?;encc'  eastwards  t<nvar{ls  Norfolk.  The  result 
shows,  in  luy  view,  ii  very  close  approximation  to  the  geogr!i])hical 
conditions  when  the  ice  had  reached  the  broken  lino.  So  fur  as  ih© 
land  may  have  risen  during  the  advance  of  the  lee  bmnd  it,  and 
before  shrinkage  into  the  East-Anglian  valleys  took  pkoe,  the 
representation  woiddnot  be  exactly  synchronous  in  all  its  parts ;  but 
this  part  of  the  rise  was,  I  think,  too  small  to  make  any  appreciable 
difference  in  the  representation.  The  small  islands  or  islets  in 
Sheets  4^,  411,  oO,  06,  and  07  represent  j)rotnision8  through  the 
gravel  c  of  the  bods  of  Stage  II.  such  as  those  in  hg.  I.,  and  they  are 
probably  fu  more  nnmerons  and  eztensive  than  shown  in  ttub  map— 
those  shown  bemg  only  snch  as,  oocorring  beyond  or  at  the  edge  of  the 
Chalky  Clay,  or  exposed  by  breaks  in  the  pall  of  that  clay,  can  be  thus 
detected.  Most  prohahly  the  tablelands  out  of  which  the  river- 
valleys  of  these  Sheets  liave  been  excavated  are  to  a  great  degree 
formed  of  similar  islands  covered  up  by  the  Chalky  Clay,  such  as  that 
on  the  south  bank  of  the  Wavoney,  from  the  summit  of  which 
fig.  XY.  is  taken,  and  where  tiie  moraine  which  overwhelmed 
it  has  been  foroed  or  wedged  into  the  surface  of  hS,  Where  the 
moraine  did  not  so  entirely  cover  them  we  see  this  to  have  been 
the  case  with  the  Wensum  valley,  which  in  the  centre  of  Sheet  66 
is  thus  formed,  the  lonir  peninsula  to  the  largo  island  numbered  1 
in  Map  2  constituting  the  northern,  and  a  small  but  long  island  the 
southern  side  of  that  valley  near  Norwich. 

The  representation  thus  given  in  Map  No.  2  may  be  regarded  as 
that  of  the  case  when  two  thirds  or  rather  more  of  tiie  total  rise, 
which  in  Stage  Y.  is  traced  as  having  taken  place  daring  the  forma- 
tion of  the  Clialky  Clay,  had  been  accomplished. 

The  eniidit  ion  of  CiMitral  and  South  Greenland  is,  from  Kink's  map, 
evidently  thai  of  a  number  of  islands  overwhelmed  by  land-ice,  the 
channels  between  which  form  the  ijords  through  wliich  this  ice 
issues  to  the  sea ;  and  the  cases  of  P^ngland  and  Greenland  would  be 
identical,  were  it  not  that  only  the  very  narrow  fringe  of  the  archi- 
pelago which  skirts  Davis  Straits  remains  uncovered,  whereas  in 
England  the  islands  whidi  remained  uncovered  were  more  extensive ; 
and,  owinj;  to  the  more  rocky  charaotor  of  (Jreenland,  many  of  the 
channels  there  are  much  deeper  than  were  au^  of  those  in  £ngland« 
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On  tho  vegetation  of  this  unooYored  fringe  tlie  Greenland  rein- 
deer fewl. 

Compared  with  tho  condition  of  England  at  tho  period  of  greatest 
snbrnergenoe,  this  map  would  preaent  great  difbrracfls,  finr  In 
8  lepreBentation  of  the  state  of  things  at  that  time  every  island  tiins 
shown  in  Sheets  1,  2,  48,  49,  50,  00,  07,  and  08  would  disappear, 
as  well  as  sorno  of  the  smaller  islands  in  the  other  Sheets,  while  all 
the  rest  would  bo  roduced  in  size. 

A  comparison  of  this  map  with  that  numbered  1  will  show  to 
what  extent  these  islands  were  overwhelmed  by  this  clay  ;  but  it  is 
singular  that  the  western  part  of  that  one  of  these  islands  through 
which  the  divirion-line  of  Sheets  51  and  52  runs,  and  which  pturt 
is  formed  of  the  yielding  Xeocomian  sands  of  Potton  and  Sandy, 
rising  to  no  •^roat  height,  should,  though  fuveloped  on  all  sides  by 
the  ice,  not  have  boon  overwhelmed  by  it,  the  clay  (and  possibly, 
therefore,  the  ice  al.so)  not  havinj:;  covered  it.  Tliis  is  the  case  also, 
though  to  a  less  extent,  with  tho  island  formed  of  the  same  sands 
around  Woburn,  in  Sheet  46. 

The  labour  which  my  tdtfoA  Mr.  Harmer  gave  to  die  work  of 
mapping  Sheets  66, 67, 68,  and  69,  and  the  care,  skill,  and  minuteness 
with  wmch  lie  accomplished  this  task,  enahlo  me  to  trace  exactly 
the  course  whicli  the  ice  took  after  overwhelming  the  west  of  island 
No.  1  and  the  islands  to  the  south  of  it. 

The  long  narrow  peninsula  which  juts  out  south-eastwards  is, 
like  all  that  part  of  this  island  which  occupies  Sheet  08,  formed  of 
the  beds  of  Stage  n.,  capped  by  so  much  of  c  as  had  emerged  pre- 
Tionsly  to  the  particular  time  <h  this  description.  Omitting  d  and 
«,  the  beds  fhrming  the  northern  end  of  tiiis  peninsula  were  at  this 
time  as  shown  in  fig.  VIII.  At  the  southon  end  they  wero  as 
shown  in  fig.  IX.,  and  witliout  much  or  any  capping  just  there  of 
previously-emerged  c.  This  peninsula  was  flanked  on  its  southern 
side  by  the  narrow  island  of  similar  formation  to  which  I  have 
already  adverted  as  forming  the  south  side  of  the  Wensum  vaUey, 
near  Norwich,  and  which  aliio  diTides  thoTdUey  of  the  Wensum  from 
that  of  the  Tare.  This  island  has  probably  a  greater  e]:tension 
north-westwards  than  is  shown,  or  was  one  of  a  chain  extending  in 
that  direction  now  concealed  by  the  almost  continuous  pall  of  the 
Chalky  Clay  there. 

Entering  upon  the  Wensum  fjord  thus  formed,  the  ice  laid  tho 
Chalky  Clay  over  c ;  for  Mr.  Harmer  and  1  found  it  in  that  position 
low  down  in  this  Tslley  in  a  temporary  ezoaTation  in  Fakenbam 
town,  though  in  that  port  of  the  Talley,  and  for  some  distance  also 
south  of  the  part  which  is  crossed  by  the  line  of  fig.  VIII.,  the 
junction  has  been  generally  destroyed  by  the  subsequent  cuttinj^- 
out  action  of  the  ico.  That  part  of  island  No.  1  which  lies  in 
Sheet  00  was  not  (owing  to  reasons  given  in  Staore  V.)  overwhelmed 
by  the  ice,  w  h  ich  only  rose  against  its  southern  flank,  where  it  laid  its 
moraine  {d)  in  the  way  shown  by  fig.  VIII.  Passing  thus  soutii- 
eastwaids,  it  laid  its  moraine  over  e,  which  had  been  and  still  was 
aecnmulatang  in  the  ford  represrated  by  this  ndley,  then  partially 
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excavated  by  marine  action  out  of  tho  ho(h  of  Stage  II.,  and  also 
over  tho  south  flank  of  island  No.  1 ,  some  way  above  the  sea-line, 
which  is  represented  by  the  junction  of  c  with  d.  Tliis  it  did  as  far 
as  ihe  south-eastern  extremity  of  the  peninsula,  which  jut8  out  south- 
eastwards  nearly  to  Sheet  67,  where,  on  the  western  side  of  this 
peninsula,  d  for  a  wide  space  rests  on  e,  but  above  tiie  line  of  the 
junction  on  6  just  as  it  does  against  the  corresponding  slope  of  the 
main  part  of  the  island  in  fig.  YIII.  The  eastern  slope  of  this 
peninsula,  as  well  as  the  unshaded  part  beyond  it  (which  represents 
the  valleys  of  the  Bure  and  Ant),  are  free  from  d ;  and  tho  ice  did 
not  reach  this  part,  save  that  where  a  very  narrow  neck  to  the 
peninimla  is  shown  the  ioe  seems  to  have  for  a  brief  time  overtopped 
it,  as  minvte  patches  of  the  day  occur  at  the  heads  of  valleys  there 
whidh  are  tributary  to  that  of  the  Tare.  Constrained  thus  by  this 
peninsula,  it,  so  soon  as  it  reached  its  south-eastorn  extremity,  ex- 
panded north-eastwards  over  tho  shallow  sea  tliere  m  as  to  reach 
the  north  of  Sheet  67,  covering  the  sea-bottom  formed  of  c  in  this 
Sheet,  as  well  as  tho  islets  of  b  3  which  were  intcrsperMcd  in  it ; 
and  thus  the  ooast-seotion  in  this  Sheet  is  merely  that  which,  omit- 
ting the  later  beds,  is  presented,  by  the  coast-section  in  Sheet  68 
from  Baoton  soiiih^eastwardsjpZicf  the  moraine  of  Chalky  Clay  spread 
over  it. 

Fig.  IX.  shows  tho  way  in  which,  after  d  had  thus  been  laid  upon 
c  in  the  fjord,  the  shrinking  of  the  ice,  presently  to  be  ex])lained, 
destroyed,  along  the  Wensum  and  Yare  valley,  this  hrst  result  of  the 
ice-aetlo&»  and  brought  about  tiiose  features  whioh  this  vaUey  now 
piresents. 

It  should  be  borne  in  mind  that  the  elevation  of  the  line  of  junc- 
tion of  d  with  c  along  this  valley  and  elsewhere  falls  eastwards  in 
accordance  with  the  original  decrease  of  submergence  in  that  direc- 
tion, and  shows  the  inclination  of  tlio  land  to  have  ])ecn  propor- 
tionately diflVrent,  even  within  Norfolk,  to  what  it  now  is.  To  this 
mainly,  but  possibly  in  some  slight  degroe  also  to  the  rise  of  the 
land  during  the  process,  is  due  the  rise  in  the  elevation  of  the  junction 
line  from  between  30  and  40  feet  in  Sheet  67,  to  90  feet  in  the  centre 
of  Sheet  66,  and  to  a  still  higher  elevation  near  the  head  of  tiie 
Wensum  valley. 

Where  tho  moraine  entered  tho  sea  at  the  termination  of  the 
Chalky  Clay  it  is  covered  })y  gravel,  as  traced  in  Stage  V.,  which  was 
the  resumption  in  these  places  of  that  gravel- deposit  which,  beyond 
the  limit  to  which  the  ice  reached,  had  been  going  onnnintenrnptedly 
throughout  its  advance  in  the  parts  stall  submerged  and  not  invaded 
by  the  ice.  This,  of  course,  was  only  rosnracd  up  to  the  level  to 
which  the  progress  of  the  emergence  had  brouglit  the  sea-lino  in  the 
different  parts  when  the  ice  disap])eared.  In  the  case,  liowevcr,  of 
the  gravels  of  Norfolk  and  Sntiolk  which  overlie  tho  clay,  they  hare, 
as  I  shall  attempt  to  show  lu  tracing  Stage  IV.,  resulted  from  a  dif- 
ferent agency  than  the  sea,  that  pert  Bogland  having  at  this  time 
nearly  atl  emerged.  Frier  to  Ihe  fmnation  of  tiiese  gravels,  how- 
ever, the  ioe  had  shrunk  from  the  position  it  oooupied  when  l^us 
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laying  down  the  Clialky  Cluy  over  Norfolk,  Suffolk,  Essex,  aud  East 
lOddletez ;  and,  unoorering  mnohof  the  nuxraine  so  laid  down,  had 
eat  throogh  tliafc  part  of  it  wbioh  bad  been  deposited  in  tlie  ehannela 

and  interspaces  of  denudation,  and,  deepening  these,  thus  formed  the 

valleys  of  those  counties,  which  it  occupied  to  a  depth,  in  the  east 
of  Norfolk  and  North  Suflfolk,  below  their  present  bottoms.  As  the 
valley  of  the  Yare  about  Norwich  affords  the  best  evidence  of  this 
action,  I  propose  to  trace  it  by  evidence  more  particularly  in  that 
part. 

In  the  year  1866  my  eoa^jntor  in  the  task  of  working  out  the 

Pliooenc  structure  of  Norfolk,  Mr.  F.  W.  Uarmer,  discovered  that 
day,  similar  to  that  which  covered  the  high  grounds  through  which 
this  valley  was  cut,  rested  in  the  bottom  of  the  valley  on  i^laciated 
chalk.  Hence,  to  distinguish  it  from  the  general  outspread  of  the 
Chalky  Clay  over  the  higher  ground,  and  from  the  Cromer  Till,  he 
called  it  a  "  third  Boulder-day aud  this  was  oommnnioated  to 
the  Society*. 

Soon  after  this  the  progress  of  the  exottvations  for  the  sewer- works 
at  Norwich  brought  to  light  the  circumstance  that  morainio  day,  of 

the  same  physical  character  .us  that  of  the  high  ground,  lay  in  asso- 
ciation with  sand  beneath  the  gravel  and  alluvium,  and  much  below 
the  level  of  the  Yare  river;  aud  this  Mr.  Uarmer  aud  I  commuui- 
oat«d  to  the  Society  f. 

Sbortly  afterwarda,  in  the  tonation  of  the  branoh  railway  to 
Cromer,  a  cutting  was  made  through  the  hill  forming  the  northern 
side  of  this  valley,  at  Thorpe,  near  the  well-known  erag-pit  of  that 
place,  and  also  just  above  one  of  the  two  instances  of  this  "  third 
Bouldcr-day  "  to  which  Mr.  Ilarmer  had  called  attention  ;  and  so 
much  of  this  cutting  as  had  not  been  doped,  1  have  represented  in 
fig.  XVILL 

It  is  dear  from  this  and  from  fig.  IX.  that,  after  d  had  been  laid 
in  the  way  I  have  traced  it  upon  c,  in  the  fjcffd  represented  by  the 
first  excavation  of  the  Wensum-Yare  valley  out  of  (d  (and  probably 
hi  also),  it  was  ploughed  off  by  the  action  of  ice  moving  along  the 
valley,  and  a  confused  mass  of  sand  and  brickoarth  resulting  appa- 
rently from  the  forcing  upwards  of  the  beds  hS^  aud  c,  to  the 
place  where  this  part  of  the  clay  resting  upon  c  had  previously  been, 
and  so  in  a  jagged  way  into  the  ploughcnl-off  edge  of  the  clay.  A 
▼eiy  little  way  to  the  west  of  this  section,  and  on  tiie  same  dope  of 
the  yalley-dde,  was  a  pit»  diowing  a  deep  seotion  of  the  Contorted 
Drift,  much  twisted  about  and  forced  into  c ;  and  inasmuch  as  the 
Cniitorted  Drift  is  ever}'where  near  Norwich  free  both  from  tlio 
marl-marises  and  from  tlio  contortions  produced  by  their  introduc- 
tion wliich  are  ho  abundant  in  Sheet  OS,  it  is  pretty  clear  that  the 
disturbance  of  that  driil  which  is  showu  by  this  pitrsection  ^as 
due,  not  to  thii  eause,  but  to  the  same  passage  of  the  ise  down  the 

*  Quart  Jooni.  G«d.8oe.  vd.  zxiii.  p.  67. 

t  Quart.  J ourn.  Qeol.  Soc.  vol.    v.  p.  445.   I  think  now  tfast  this  wad  vast 
have  been  umilar  in  potition  to  that  in  &g,  XX. 
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Tare  valley  which  has  produced  the  appearance  of  the  beds  ezhi- 
liited  by  fig.  XYHI. 

In  the  valley  below  both  these  excavations  lies  the  ''third 
Boulder-day (cQ,  resting  on  chalk\  which  is  glaciated  and  converted 

into  the  greasy  marl,  already  spoken  of,  and  which  is  shown  in 
fig.  IX.  by  the  letters  ill'.  On  the  opposite  side  of  the  river,  in  the 
lower  ])!irt  of  the  southern  side  of  the  valley,  is  the  long-known 
crag-pit  of  Whitlingham ;  and  there  the  chalk,  with  the  crag  over- 
lying it,  is  m  a  sindlar  distarbed  state,  the  linee  of  flint  showing 
that  it  has  been  forced  upwards  by  lateral  pressure. 

In  many  places  in  this  valley,  and  in  the  tributary  valleys  of  the 
Wensum  and  Tese,  where  the  floor  is  chalk,  evidences  of  the  same 
occupation  of  the  valleys  by  ice  after  their  first  excavation  are 
afforded  by  the  presence  of  morainic  clays,  generally  resembling  that 
on  the  high  grounds,  but  sometimes  more  chalky  in  character.  These 
mosUy  zert  on  glaciated  ohalk,  similarly  to  tiiat  in  fig.  IX. ;  but  in 
some  oases  in  £e  Wensum-vaUey  bottom  I  have  found  this  under- 
lain by  a  gritty  sandy  accumulation,  which  I  regard  as  moiaine  pro- 
duced by  the  destruction  of  biS  or  bS  and  c. 

The  alluvium  sheet  in  the  valley  of  the  Wensum  and  in  that  of 
the  Yare  and  its  tributaries  west  of  Jiraraerton,  lyin^  lower  than 
the  floor  of  chalk  on  which  the  Pliocene  formations  repose,  the  evi- 
dences which  I  have  been  describing  of  their  former  occupation  by 
ice  are  tiius  not  altogether  concealed  there.  In  the  valley  of  the 
Waveney  (in  the  N.  of  Sheet  50,  S.E.  of  Sheet  60,  and  8.W.  of 
Sheet  67),  however,  this  is  otherwise,  and  the  entire  floor  of  that 
valley  is,  with  the  exception  of  some  prominences  of  chalk  protruding 
at  Diss,  concealed  by  the  alluvium  up  to  and  above  the  base  of  the 
Pliocene  formations.  AVc  are  thus  deprived  of  the  opportunity  of 
examining  whether  this  valley  was  subjected  to  the  same  action  as 
were  those  of  the  Wensum  and  Tare.  As,  however,  the  Chalky  Clay 
at  the  very  source  of  the  Waveney,  where  it  takes  its  rise  at  Lopham- 
ford,  plunges  over  the  valley  side  and  passes  under  the  alluvium, 
and,  as  I  shall  show,  the  next  principal  valley  to  the  sonth  of 
the  Waveney,  that  of  the  Gipping  (near  the  centre  of  Sheets  50 
and  48),  has  been  subjected  to  tlie  same  kind  of  action  as  that  of 
the  Wensum  and  Yare,  there  can  scarcely  be  a  doubt  that  the  valley 
of  the  Waveney  has  aho. 

This  valley  forms  one  oontinuous  trough  with  that  of  the  little 
Ouse  river,  which  flows  in  the  opposite  direction  to  the  Waveney, 
and  through  the  north-west  of  Sheet  50  into  the  Great  Ouso  in 
Sheet  05  ;  and  both  rivers  take  their  rise  in  a  marsh  at  Lopham, 
where  the  valley,  or  trough,  is  as  wido  as  it  is  much  further 
down,  cither  in  the  east  or  west  direction.  The  late  Mr.  J.  W. 
Flower  always  (but  in  ignorance,  I  believe,  of  the  luts  attending 
the  position  of  the  Cha&y  Clay)  insisted  upon  this  feature  being 
irreconcilable  with  the  theory  of  the  valleys  or,  rather,  the  one 
continuous  trough  having  been  excavated  by  the  rivers  that  take 
their  rise  in  it  at  Lopham,  and  run  thence  in  opposite  directions ; 
and  so,  in  my  opinion,  it  is ;  but  the  position  of  the  Chalky  Clay 
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in  thia  trough,  applied  to  the  phenomena  disolofled  hy  the  Yare 
▼alley,  dean  np,  it  eeems  to  me,  all  diffleulty,  and  proves  that 
the  Hoxne  palaeolithic  brickearth,  bo  well  known  to  geologists  by 
the  description  of  Prof.  Prestwich,  is  of  the  age  of  the  GhaUqr 

Clay  itself,  though  of  the  latest  part  of  it. 

The  sedions  of  Mr.  Prestwich*  show  clearly  that  this  brick- 
earth  coidd  not  iiave  accumulated  while  the  Wavency  vaUey  was  in 
ita  present  state.  It  must  haye  been  formed  either  before  the  valley 
was  exoaTated  through  the  Chalky  Glay  or  when,  after  having 
been  formed,  it  was  filled  np  again.  Mr.  Pteetwioli  (nnaware,  I 
presume,  of  the  position  which  I  have  described  as  occupied  by 
the  Chalky  Clay  in  the  valley  bottoms)  adopted  the  first  alternative  ; 
and  ho  attributed  the  patches  of  gravel,  which  extend  alonp:  the 
upper  edges  or  brows  of  this  valley  for  several  miles  in  this  part, 
to  the  deposit  of  the  Waveney  when  it  flowed  over  the  Chalky 
Gay  at  thie  high  level,  and  before  it  had  excavated  its  valley. 
To  thb  period  and  to  this  condition  of  things,  as  I  nnderstand 
his  memoir,  he  refers  the  Hoxne  brickearth,  which  has  been  de- 
nuded on  one  side  by  the  formation  of  the  valley  of  the  Goldbrook^ 
a  stream  flowing  into  the  Waveney  hard  by. 

The  lateral  valley  of  the  Goldbrook,  thus  on  one  side  excavated 
out  of  the  pala?olithic  brickearth,  must  no  doubt  be,  if  not  wholly, 
at  any  rate  partially,  of  posterior  formation  to  this  brickearth  ;  but 
such  is,  I  think,  clearly  not  the  case  with  the  valley  of  the  Waveney ; 
and  the  explanation  which  I  offer  of  it,  and  which  appears  to  me 
quite  sufficient,  is  that  when  the  ice  of  the  Chalky  Clay,  shrink- 
ing into  these  valleys  and  creepins:  through  them,  ploughcd-out 
the  long  trough  in  which  the  Little  Ouse  and  Waveney  now  run, 
it  filled  this  up,  so  that  the  drainage  produced  from  the  thawing 
during  summer  of  the  land-surface  (and  which  surface,  the  ice 
having  shrunk  from  it,  had  become  covered  with  vegetation), 
not  being  aUe  to  escape  into  Hie  vaUey,  formed  a  lagoon  there — 
a  Marjelen  See''  in  foot;  and  that  this  drainage,  collecting  what 
debris  there  was  scattered  over  the  land-surface  and  swept  by  the 
melting  snows,  carried  it  into  the  lajjoon.  In  this  way  the  imple- 
ments of  man  and  the  remains  ot  land  and  freshwater  organisms 
described  by  Mr.  Prestwich  were  introduced  into  the  brickearth. 

The  connexion  of  the  thin  envelopeof  sandy  gravel,  which  Hr.  Prest- 
wich shows  as  vrrapping  the  denuded  surface  of  tliis  brickearth,  I 
defer  for  consideration  in  Stage  IV.,  its  connexion  being  with  the 
melting  of  the  ice  in  West  Norfolk,  and  with  the  sand  and  gravel 
resulting  from  this,  which  arc  described  in  reference  to  tliat  stage. 

All  the  East- Anglian  valleys  exhibit  this  plunirin^'  behaviour  of 
the  clay — that  of  the  Blackwater  being  illustrated  by  fig.  VII.,  and 
that  of  the  Gipping  by  figs.  I.  and  I.  a.  Both  of  these  valleys  pre- 
senting this  feature  at  the  point  where  the  laying  down  of  the 
ChflJky  Glay  upon  e  by  the  precession  of  the  mud  bsnk  became 
arrested,  they  furnish  important  evidence  of  the  change  in  the  mode 
of  ice-action  which  occurred  towards  the  close  of  the  formation, 

*  PhiLInoB.1860,p.d04. 


Digitized  by  Google 


498 


8.  V.  WOOD,  rUS.,  OK  XHB  N£W£B 


and  80  oontiniied  until  the  ioe  disappeaxed.  I  have  tiMiefbro  giren 
some  examples  of  the  way  In  vlnoh  we  find  the  moiaine  in  the 
Gipping  TaUey. 

Fig.  XX.  (which  is  aboufc  a  mile  south  of  the  lino  of  Sect.  I.  a) 
seertLs  to  show  vory  clearly  the  passap:e  of  tho  moraine  down  the 
vaUey,  and  the  ploughing  out  of  the  sand  by  it. 

In  fig.  XIX.  (which  is  three  miles  north  of  this  in  the  same 
valley,  and  is  given  to  iUnstrate  Stage  IV.)  the  Chalky  Clay,  plunging 
into  the  ralley,  as  shown  in  fig.  La,  rests  on  the  same  thin  bed  of 
dark-ooated  fiints  of  Lower  Eocene  age  over  dhalk  which  is  present 
in  fig.  XX.  The  figure  is  as  the  Section  appeared  when  I  copied  it, 
in  tho  year  1864  ;  but  T  am  informed  by  Mr.  W.  Whitakcr  that  the 
Chalky  Clay  may  now  be  seen  in  one  place  to  be  j'orcecl  under  tliis 
Eocene  bed. 

The  thickening  of  the  ioe  in  the  valleys  and  ita  shrinkage  from 
the  position  it  occupied  when,  by  pushing  its  mud-bank  before  it,  the 

moraine  was  laid  over  c,  and  the  change  from  that  mode  of  deposit 
to  the  cutting-out  method,  is  not  confined  to  East  Anglia,])ut  is  shown 
generally  along  the  outer  edge  of  the  formation  ;  as,  for  instance,  on 
tho  heights  on  the  western  tiide  of  the  Lea  valley  at  Finchk^v,  in  the 
east  of  iSheet  7,  the  day  rests  on  c,  as  it  does  also  on  the  opposite 
aide,  in  tiie  extreme  north-weat  comer  of  Sheet  1,  aud  so  eastward 
through  the  channel  bounding  the  small  island  in  that  part;  but 
firom  this  position  it  plunges  some  way  down  tho  western  side  of  the 
Lea  valley  in  Sheet  1,  cutting  out  c  entirely.  Tho  same  thing  occurs 
with  tho  valley  of  tho  Welland,  in  the  north-west  corner  of  Sheet  52 
and  south-east  of  0:j,  d  resting  upon  c  on  the  lieights,  as  at  J)cs- 
borough  liailway  Cutting,  but  in  the  valley  bottom  at  iiarborough, 
on  the  laas.  In  the  case  of  the  Avon  valley,  in  Sheet  53,  it  rests 
on  0  at  the  elevation  of  about  380  feet  in  the  Eilaby  tunnel,  and 
many  surrounding  sections  on  the  plateau  south  of  Bugby,  mentioned 
by  Mr.  Wilson ;  but  in  the  valley-bottom  at  Bugby,  100  feet  below 
this,  it  rests  on  the  Lias*. 

It  is  not,  however,  merely  where  thus  slirinking  into  valleys  that  this 
change  from  deposition  over  gravel  to  the  cutting  it  out  occurred 
towards  the  end  of  the  formation ;  for  the  same  thing  appears  whore 
the  ioe  advanced  against  the  water-partings  between  tiie  Ivd  and 
Ouzell  in  the  east  of  Sheet  46,  and  the  Ouse  and  Thames  systems  in 
that  sheet  and  in  the  east  of  45 ;  and  which  partings,  though  shown 
open  in  ^fap  2,  had  at  the  close  of  the  formation  emerged. 

Thus  it  seems  to  me  that  though  Ts'onk-nskiuhl  describes  the  change 
from  the  mud-bank  to  that  of  tlie  cutting-out  mode  to  be  continually 
occurring  in  Greeulaud  and  Spitzbergen,  this  change  took  place  in  cast 
Suffolk  and  Norfolk  at  one  particular  stage,  which  was  when  about 
80  feet  out  of  the  total  rise  of  the  land  which  occurred  during  the 
formation  of  the  Chalky  Clay  that  I  shall  deduce  in  describing 
Stage  V.  remained  to  be  accomplished  :  though  nearer  the  ice  source, 
as,  e.g.,  in  Sheet  53,  this  did  not  occur  until  the  close  of  the  deposit, 

*  Qunrt.  .To.irn.  OeoL  Soo.  ToL  xxri.  p.  20O.  Beport<rf  Bogbj  School  Nat» 
Hist.  Society  for  187a. 
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the  gravel  e  reacliing  everywlicre  there  to  as  great  an  elevation  ns  c 
docs.  Thiij  chauge  tsoema  to  mc  to  have  been  produced  in  Eui>t  Auglia, 
which  iB  the  area  most  remote  from  the  ioe  souiee,  either  %  a 
dimmation  In  the  supply,  or  by  the  greater  increase  in  the  dutanoo 
of  the  sea  which  emergence  produced  in  the  shallower  area  to  that 
which  it  produced  in  the  deeper ;  so  that  whore  the  ice  reached  the 
sea  furthest  from  its  source,  it  did  so  bjf  Bhrinkiug  into  the  yalleys 
earlier  than  it  did  in  the  parts  nearer. 

The  interglacial  age  claimed  by  Mr.  tSkertchley  for  the  brickearth 
near  MUdanhall  and  Brandon,  with  palsaoUthio  impLementi  and  mam- 
maUan  remaine,  which  ooooxa  in  tiie  8.E.  comer  of  Sheet  65  and 
the  N.E.  cooler  of  Sheet  51,  has  not  yet  been  admitted  generally  by 
geologists. 

This  hrickcarth  is  underlain  by  the  Chalky  Clay  with  some  rough 
gravel  between  in  places,  and  in  some  sections  liiis  this  clay  also  over 
it.  It  seems  to  me  that  this  brickearth  was  formed  by  the  drainage 
issuing  westwards  from  the  inosculating  valleys  of  the  little  Ouse 
and  Waveney  and  from  the  valley  of  the  Lark,  when,  though  the  ice 
was  wasting  and  had  withdrawn  from  those  valleys,  a  large  body  of 
it  still  remained  wliorc  this  had  been  throughoat  in  greatest  thick- 
ness, i.  f  .  within  the  broken  line  of  Map  No.  1 . 

It  is  to  be  borne  in  mind  that,  accordiiif^  to  the  inclination  of  the 
land  at  this  time,  the  escape  of  this  drainage  was  not,  as  now,  either 
to  the  North  Sea  or  to  the  Wash,  but  south-westwards ;  and  it  is 
reasonable  to  suppose  that  after  the  £a8t-Ang^ian  valleys  had  been 
▼acated  by  the  ioe,  and  this  main  mass  of  it  still  remained,  though  (so 
to  speak)  in  retreat,  tiiis  retreat  might  be  arrested  and  changed 
into  a  slight  advance  by  some  temporary  reinforcement  from  the 
Pennine,  t^uch  a  temporary  advance  bringing  the  ice  asrainst  the 
deposits  of  this  drainage  would  carry  Chalky-Clay  moraine  over 
them. 

Inasmuch  as  tiie  arboreal  and  other  organic  remains  described 
by  Mr.  PlrestwiiSh  as  present  in  the  Hozne  bed  prove  that  at  the 
time  of  its  accumulation  the  stream  which  suppUed  the  sediment  for 
it  drained  a  surface  that  was  occupied  by  arboreal  vegetation,  and  sup- 
ported great  Mammalia,  it  seems  to  mo  that  at  this  time  the  moraine 
which  had  thus  been  uncovered  ])y  the  shrinka.^e  of  the  ice  into  tho 
valleys  must  have  become  clothed  with  such  vegetation.  This  associa- 
tion of  arboreal  vegetation  with  inland  ice  is  not  in  accordance  with 
what  obtains  now  in  arctic  latitudes ;  but  it  may  have  been  other- 
wise in  the  comparatively  low  latitude  of  England  during  the  Gladal 
epoch.  The  observations,  however,  which  I  have  to  make  on  that 
point,  as  well  as  on  the  coexistence  or  not  of  the  threat  Mammalia 
(most  of  which  could  not  have  existed  without  arboreal  vegetation 
to  support  them)  with  the  land-ice  in  England,  I  defer  to  tho  second 
part  of  this  memoir. 
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Stage  IV,  The  Gravel  resflfin^/  from  the  Ice  melting  tnpart  of0ie 
area  which  had  risen  abwe  the  eeorUueL 

The  events  of  whicli  I  propose  to  trace  the  evidence  during  this 
stafje,  though  irradual  aiul  far  from  cataclysmic,  occupied  hut  a  short 
time,  gooloirically  fli>oaking.  In  Stage  V.  the  fall  of  the  line  of  marine 
gravel  {f)  over  the  Chalky  (Hay  is  traced  from  upwards  of  oUO  feet  in 
bheet  02  to  itn  disuppourunco  at  Ordnance  datum  iu  Sheet  50,  as 
weU  as  the  amount  <^  liae  in  the  land  whioh  took  plaoe  during  the 
fonnation  of  that  day,  from  both  of  which  it  results  that  the  whole 
of  Norfolk  and  North  Suffolk,  with  ^e  exception  of  the  parts  at 
lowest  elevation  in  the  west  of  these  counties,  had  at  the  close  of 
that  formation  risen  ahovc  the  sea-level,  and  that  the  ice  which 
passed  through  the  Norfolk  valleys  to  the  North  Sea  reached  it 
beyond  the  present  coast  of  Norfolk. 

There  is,  however,  in  Central  Norfolk  a  large  formation  of  gravel 
occupying  elevated  areas  over  the  Chalky  Clay,  and  distributed  in 
alternate  patches  with  it,  which  is,  with  slight  exceptions,  such  as 
that  mentioned  (in  Stage  III.)  at  Stcwkley,  peculiar  to  that  county— 
this  clay,  exrrpf  sik  Ii  as  falls  helow  the  Ihie  of  the  gravel  e,  being 
everywhere  else  bare  and  hald. 

The  greatest  mass  of  the  ice  lay  within  the  broken  line  of  !^^ap  No.  1, 
up  to  which,  as  I  have  already  described,  it  destroyed  uiid  rocon- 
stmoted  all  the  earlier  part  of  the  moraine  laid  down  over  gravel ; 
and  wo  may  therefore  ii^er  that  when  it  had  to  a  great  extent  shrunk 
into  the  Norfolk  and  Suffolk  valleys,  an  immense  mass  of  it  lay 
high  on  Western  Noifolk,  and  overlooked  the  Wensum  valley  from 
the  west. 

In  Greenland  the  melting  of  the  snow  on  tlio  surface  of  th(>  laud- 
ice  during  summer  causes  torrents  of  water  to  pour  through  tissuros 
in  tills  ice,  which  eventually  issue  beneath  its  terminatami  into  the 
sea ;  bat  this  water,  from  the  surface-thawing  of  the  ice  in  West 
Norfolk,  would  pour  from  it  into  the  Wensum  valley,  filling  that 
valley  above  the  ice  which  occupied  it,  and  flooding  the  snrfiMM  of 
the  moraine  which  the  shrinkage  had  laid  hare. 

It  is  to  the  currents  of  water  thus  poured  from  this  mass  of  ice, 
after  the  shrinkage  began,  that  I  attribute  those  extensive  beds  of 
gravel  which  have  been  described  by  Mr.  Harmer  and  myself  under 
the  name  of  "  Cannon-shot,''  the  principal  extension  of  which  is 
in  the  west  of  Sheet  66.  Here,  for  the  meet  part,  they  consbt  of 
thick  beds  of  flints  rolled  into  the  shape  and  dimensions  of  the  now 
obsolete  cannon-shot  of  from  1 2  to  32  lbs.  calil)re,  and  even  larger  ; 
and  we  attributed  tlieir  origin  to  some  lorn]  modification  of  the 
Chalky  Clay  formation  by  jjowerful  currents,  for  we  sometimes  found 
imbedded  in  the  gravels  heaps  of  sand  formed  almost  wholly  of 
chalk-grains. 

Another  feature  of  these  gravels  is,  that  above  the  confluence  of 

the  Wensum  with  the  Tare,  near  the  centre  of  Sheet  66,  they  are 
confined  to  the  western  abpe  of  its  valley,  and  to  the  plateau  on 
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tho  TTCgt  of  it ;  "but  immediately  to  the  cast  of  this  confluence  three 
great  accumulations  of  gravel,  ctuitaiiiing  (in  the  westernmost  of 
them  at  least)  a  considerable  intermixture  of  the  cannou-Hhot  flints, 
occur  at  MouBehold,  Poringland,  and  Strumpshaw,  apparently  resting 
at  tiie  two  latter  placea  on  the  Chalky  Clay.  The  Moiuehold  and 
fltrnmpuhaw  acenmnlationB  are  on  the  plateau  of  the  north  side  d 
the  Tare  Talley,  the  former  extending  to  within  a  mile  of  the 
northern  end  of  flg.  IX. ;  and  the  I'oriiigland  one  is  on  the  aonthem 
plateau,  two  miles  from  the  southern  end  of  tig.  IX. 

Under  the  conditions  of  westerly  inclination,  already  described  as 
existing  throughout  the  Chalky  Clay,  the  part  of  the  Weusum-Yare 
yalley  which  Ues  eaet  of  this  conflnence  had  a  difiSsrent  fall  from 
that  which  it  has  now ;  for  though  the  bottom  of  it  has  been  found 
at  Tannonth  to  be  170  feet  below  the  marsh*,  this  at  the  time  under 
consideration,  when  all  the  county  had  a  more  westerly  inclination, 
Btood  proportionately  higher  eastwards :  and  the  valley  l)eing  tilled 
with  ice  up  to,  and  probaldy  somewhat  above,  tlic  level  at  which 
fig.  XVlli,  occurs,  there  would  have  resulted  an  expanse  near  this 
confluence  which,  if  filled  with  water  aboye  this  ice,  would  have 
been  of  considerable  and  lacnstrine  extent.  North  of  this  confluence^ 
howeyer,  the  Wensum  valley  (especially  where  it  crosses  from 
Sheet  68  to  Sheet  66)  would  have  much  the  same  fall  as  at  present. 

It  seems  to  me  that  the  torrents  of  water  which  issued  from  the 
edge  of  the  ice  that  thus  rested  high  within  the  broken  line  and  over- 
looked the  Wensum  valley,  pouring  into  that  valley  above  the  ice 
which  occupied  it,  by  their  torrential  character  washed  out  much  of 
the  Chalky  Clay  here,  and  rolled  the  great  flints  in  it  into  the 
cannon-shot  form  described.  Eastwards  and  southwards  from  the 
place  of  the  ice  in  mass  here,  this  gravel  gradually  loses  the  cannon- 
shot  character,  becoming  finer  and  the  great  spherical  flints  fewer. 
The  three  large  beds  of  this  gravel — Mousehold,  Ponugland,  and 
Btnnupshaw — appear  to  have  accumulated  in  the  expanse  just  de- 
scribed while  the  Yare  valley  still  remained  filled  with  ice.  East- 
ward of  this  the  gravel  along  the  Yare  yalley  edges  becomes  finer, 
and  is  seen  coyering  the  Chalky  day  thinly  on  the  cliff-top  on  either 
side  of  Lowestoft,  where  this  day  oyerlies  the  gravel  c ;  and  thickly 
oyerlying  it  where  this  clay,  cutting-out  that  gravel,  lies  in  the 
valley  of  the  ^\'avcney  at  JSomerleyton  brickfield  and  the  railway- 
cuttings  at  IMutford,  The  finest  nuiteriul  was  carried  further  and 
spreads  widely  over  South- westeni  Norfolk  and  2\oith-wcst  Suffolk, 
while  numerous  patches  of  this  grayel  in  its  finer  condition  occur 
along  the  edges  of  the  Wayeney  yalley.  These  latter  Mr.  Prestwich 
identifies  wiUi  the  thin  wrapper  of  gravelly  sand  which  envelops  the 
denuded  edges,  and  covers  the  whole  surface  of  the  palaeolithic  brick- 
earth  of  Hoxnc;  and  in  tliat  identification  1  agree.  From  Hoxne 
westwards  the  same  bed,  increasing  in  thickness,  and  often  becoming 
a  thick  deposit  of  only  sand,  stretches  northwards  into  inosculation 
with  tho  cannon-shot  form  of  the  deposit  in  the  north-west  of 
*  PMsbwkhiaQuftrt  JoiiRi.ChMiL8oe.ycL  zn«  p.  449. 
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Shoet  66;  while  in  the  same  thin  form  in  which  it  wraps  the  Hoxne 
briekearth  it  stretches  westwards  to  liranduu  aud  Mildenhall,  where, 
according  to  a  section  prepared  by  Hr.  Skertchlejr  whioh  was  sent 
to  me,  it  wraps  the  patoolitliie  briokearth  and  tbe  Chalky  Clay  with 
whidi  that  briekearth  is  overlain;  and  in  the  north-east  of  Sheet  51 
and  Bontii-eaat  of  65,  and  some  way  over  the  division-line  into  the 
corrospnndinp-  parts  of  50  and  66,  it  in  this  thin  form  covers  the 
country,  (^htilky  Clay  and  Chalk  alike. 

This,  in  my  view,  is  the  finer  part  of  the  spoil  resulting  from 
the  nu'Uing  of  the  surface  of  the  eastern  edge  of  the  great  mass  of 
ice  lying  within  the  broloBn  line  after  tiie  shrinkage  into  the  yalleys 
to  the  east  of  it  had  taken  plaoe,  and  the  Hozne  lagoon  had  dis- 
appeared. The  Tolnmes  of  water  thus  pouring  oyer  Noi£»]k  being 
unable  to  escape  readily  hy  reason  of  the  ice  still  occnpyinjr  the 
valleys,  the  p:ravcl  which  it  produced  by  washing  out  the  moraine, 
and  the  large  flints  which  by  it^j  torrential  force  it  rolled  into  the 
cannon-shot  form  described,  were  thus  left  on  the  plateaux  and  brows 
of  the  valleys,  the  large  stones  nearest  the  water  source,  and  the 
smaller  stones  and  sand  carried  furthest ;  but  as  the  ice  giadually 
wasted  out  of  the  valleys  this  spoil  became  deposited  in  their  bottoma 
and  on  their  slopes,  forming  in  this  way  the  beds  e\  shown  in  the 
Wensum  and  Yare  valley  in  fisfs.  VIII.  and  IX.  Hence  the  fact, 
otherwise  so  difficult  of  o.\j)lanation,  that  these  gravels  form  a  scries 
from  the  higher  to  the  lower  levels,  and  cannot  be  separated,  albeit 
that  the  valleys  thus  containing  them  had  been  wholly  ezoavatod 
before  their  accumulation. 

In  its  escape  through  the  vaUeys,  as  the  ice  in  wasting  permitted 
it,  this  water  denuded  the  Hoxne  bnckearth,  forming  or  enlarging 
in  so  doing  the  lateral  valley  of  the  (Joldbrook ;  and  as  it  sank  away 
it  left  the  tliin  wrapper  formed  of  Lrravelly  sand  which  it  carried  over 
the  denuded  surface  of  the  briekearth.  Dui'ing  all  this  it  must  be 
remembered  that  the  principal  escape  of  tlie  water  was  westward,  in 
aooordanoe  with  the  different  inclination  of  the  land  at  the  time. 

The  aheets  of  gravel  that  eventually  accumulated  in  the  vaUeys 
from  this  agency,  and  form,  as  I  have  said  (if  sections  be  selected 
from  different  parts  of  the  area  at  different  levels),  an  unbroken  series 
with  the  beds  on  the  plateaux,  are  so  distributed  that  their  relative 
presence  and  absence  in  closely  contiguous  areas  in  the  same  valley  arc 
explicable  in  my  view  on  no  other  hypothesb  satisfactorily,  because, 
since  we  find  that  the  Norfolk  valleys  had  been  excavated  to  more 
than  their  present  depth  before  the  termination  of  the  Chalky  Clay, 
it  is  obvious  that  gravel  in  thom  which  rises,  as  some  of  this  in  the 
valley  does,  to  ')(>  feet  ahovc  the  river  at  Norwich,  cannot  })e  due  to 
the  deposit  of  the  rivt<is  in  a  former  more  voluminous  condition. 
That  rivers  during  so  much  of  the  (ilacial  penod  as  succeeded  tlic  iee- 
melting  which  I  have  traced,  did  occupy  these  valleys  in  greater 
volume  than  at  present  I  fully  concede :  but  in  the  east  of  Norfolk 
and  north-east  of  Suffolk  their  gravels  must  he  below  the  surface  of 
the  alluN-ium  which  now  fills  up  these  valleys,  the  sea-level  in  that 
part  of  England  having  been  at,  and  for  some  time  after  the  close 
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of  fhe  Chalky  Clay  below  its  present  line*.  When  the  position  of 
the  Chalky  Clay  in  the  Norfolk  aud  Suffolk  valleys  had  not  been 
detected,  particnlaiiy  the  remarkable  instance  diadioeed  by  the  Nor- 
-wieh  Sewer-works,  the  theory  of  the  gradual  erosion  of  tiietalleys 

by  the  action  of  a  river  from  higher  to  lower  levels  seemed  plausihloi 
and  the  deposition  of  the  gravels  in  a  series  extending  from  a  higher  to 
slower  level  seemed  primd  facie  a  reasonable  hyi^thesis,  as,  whether 
true  or  not,  it  may  still  appear  in  areas  outside  tlio  action  of  tlie 
newer  Pliocene  land-ice;  but  such  an  explanation  seems  to  me  quite 
to  £ul  before  the  evIdenoeB  ocnmeoted  witii  the  East- Anglian  valleys, 
whieh  the  researches  of  the  past  10  or  15  years  have  disdoeed,  and 
we  must,  I  submit,  aeek  other  explanations. 

The  tlood-waters  produced  by  the  ioe-melting,  which  I  have 
described  so  far  as  I  have  traeod  it,  seem  to  mo  to  supply  this  ex- 
planation, wore  it  not  that  there  would,  without  some  other,  be  as 
much  difficulty  in  supposing  these  valleys,  if  the  escape  were  free, 
filled  with  water  £rom  the  ice  melting  up  to  this  high  level,  as  there 
woold  from  the  snowHudting  of  an  oidinaiy  arotio  or  snbaretic  land 
SDxfiBce.  Nothing,  it  seems  to  me,  bnt  an  impediment  to  the  free 
eseape  of  it  oould  have  kept  the  wi^  at  levels  neoeasar}'  for  the  de- 
position of  gravel  in  the  otherwise  inconsistent  way  in  which  we  find 
it  there,  and  this  impediment  the  unequal  meltiiig  of  the  ice  filling 
the  valleys  seems  to  mo  to  supjily. 

I'or  instance,  in  the  valley  of  the  Yare,  at  Norwich,  a  little  west 
of  the  line  of  fig.  IX.,  the  valley-gravel  rises  to  a  height  of  abont 
^  feet  above  the  riyer,  and  is  seen  in  the  railway-entfings  earried 
through  it,  near  the  Norwich  (Thorpe)  station ;  but  though  at  a 
much  lower  level  than  this,  the  clay  d  in  the  valley-bottom  in 
fi*?.  iX.  shows  no  traee  of  gravel  on  it.  Numerous  instances  of  the 
like  kind  occur  in  this  valley  and  in  others  of  this  part  of  England ; 
and  at  Tharbton  in  the  vaUey  of  the  Teso,  a  tributary  of  the  Yare, 
a  tomnltoous  aocomulation  of  this  grard  oontaiiis  strips  of  the  Gbalky 
Clay  imbedded  in  it. 

The  similar  infilling  of  the  Waveney  valley  by  alluvium  to  that 
of  the  Yare,  and  up  to  greater  height,  as  regards  the  floor  of  the 
Pliocene  formations,  conceals,  as  I  have  said,  the  evidences  of  these 
interglacial  phenomena  to  a  great  extent  there  ;  but  the  chief  part, 
if  not  all,  of  the  gravel  in  the  bottom  of  that  valley  appears  to 
me  to  belong  to  this  glacier -ice-melting,  and  not  to  the  river.  It 
fonns  an  extensiye  sheet  for  some  miles  on  both  sides  of  Bnngay, 
rising  only  some  10  or  15  feet  above  the  ailuviam ;  and  an  extensiTe 
sheet  of  it  fills  the  valley  of  the  liUle  Quae,  patdies  also  oocnrring 
on  the  higher  aiopesf* 

*  During  the  depregsion  of  the  east  of  EngUind  below  its  present  level,  which 
I  eball,  in  the  second  part  of  tliis  moiuoir,  show  took  place  during  the  forma- 
tion of  the  Cyrena  brickearth  /",  riM  r-^ravel  may,  however,  have  formed  in 
these  Talleys,  and  be  mixed  up  undistingiuahably  with  c  in  their  bottomB. 

t  Po  far  as  land  or  freshwater  shell.H  may  occur  in  these  gravels  (which  it 
would  seem,  from  a  statement  bj  Mr.  Mower  at  p.  dO  of  the  2iird  vol.  of  the 
Quirk  Jonnk,  has  not  yet  ben  Uie  caw)  we  must  remember  thai  the  fiouie 
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In  file  yalley  of  the  Gipping  the  evidence  is  similar  to  tliat  of  the 
Tare.  Thus  tiiere  k  no  grard  over  the  Chalky  Clay  along  the  line 
of  fig.  I.  A  or  in  fig.  XX. ;  but  in  fig.  XIX.,  which  is  distant  only 
If  mile  from  it  imd  half  a  mile  from  the  line  of  fig.  I.  a,  a  thick 
bed  of  ;^ravel  lies  against  a  low  cliff  of  the  Chalky  Clay ;  and  it  is 
not  to  any  sinking  of  the  land,  but  to  the  rise  of  the  tlood-water 
from  impediments  offered  to  its  escape  by  the  ice  in  the  valley,  that 
I  attribute  the  position  thus  occupied  by  the  gravel. 

The  gravel  thus  bedded  np  to  the  oliif  in  fig.  XIX,  has  a  great 
development  in  this  Gipping  valley  ahont  daydon,  and  thenoe  north- 
wards up  the  valley  to  Needham  Market,  a  space  of  about  4  miles 
in  length,  extending  high  up  the  sides  of  tlie  valley ;  but  above 
Neodham  there  is  no  such  feature,  what  gravel  there  is  being  the 
Middle  Glacial  (c)  cropping  out  from  beneath  the  Chalky  Clay  by  the 
valley  denudation ;  while  from  Claydon  seawards  such  gravel  ae 
there  is  in  the  Talley  lies  at  a  mndh  lower  level,  skirting  the  «Ua- 
.vinm,  and  is  part  of  that  traced  in  Stage  Y.  as  indioating  the  peri* 
tion  of  the  sea  at  the  close  of  the  Chalky  Clay. 

From  this  it  would  appear  as  if  by  some  glacier  ice  remaining  in 
the  valley  below  Claydon,  and  blocking  up  the  escape  of  the  flood- 
water,  this  water  accumulated  in  the  upper  part  of  the  valley  be- 
tween Claydon  uud  2secdliara,  and  when  standing  at  the  level  of  the 
top  of  the  chalk  in  fig.  XIX.  wore  away  the  day  cli£f ;  after  which, 
h^  the  persisteoce  of  the  dam,  the  waters  from  the  ioe-meltiiig  rose 
higher  and  hedded  their  gravel  up  to,  and  probably  over,  this  cliff, 
and  so  up  the  valley  as  far  as  this  arrested  water  extended  ;  and 
upon  the  dam  disappearing  the  water  escaped  too  quickly  to  leave 
any  of  this  gravel  over  the  valley  below,  in  its  rush  probaldy  rather 
denuding  than  depositing.  South  of  this  valley  we  lose  these  fea- 
tures, and  in  the  valley  of  the  Blaokwater  traveraed  hy  the  line  of 
fig.  YIL  we  seem  to  get  evidence  of  the  sea  entering  the  valley  as 
the  g^aeier  ioe  dissolved,  and  depositing  sand  sad  gravel  over  the 
moraine. 

In  this  case  the  Chalky  Clay  cutting  out  the  gravel  c  and  occupying 
the  bottom  of  the  valley,  i)a.sse.s  uj)  by  very  gradual  chaii^'e  into  a 
sandy  brickearth,  at  fint  blue  and  full  of  chalk,  and  much  like  tho 
clay  itself  for  a  foot  or  two,  then  heooming  brown  ^andy  brickearth 
for  a  few  feet,  and  then  almost  as  gradually  changing  to  gravel.  A 
section  showing  this  at  Appleford  bridge  (over  the  I^lackwater,  one 
mile  nortli  of  the  line  of  fig.  VII.)  was  given  by  Mr.  Harmer  and 
mvsclf  ill  the  :VAt(\  vol.  of  tho  Journal,  p.  Ill,  and  we  were  then 
under  the  impression  that  the  clay  in  it  was  a  bed  at  the  base  of 
the  gravel  c ;  but  Mr.  W.  H.  Dalton,  of  tho  Geological  Survey, 
found,  Irom  a  series  of  well-borings,  that  the  clay  in  question  is  the 
Chalky  Clay  making  the  plunge  which  I  have  described  as  occurring 


bed  oontaining  them  shows  that  the  surface  of  the  vneoTered  rooniine  wm 

inhabited  by  tncni.  Mr.  Flower  always,  tliough  without  <»iiL'i:>-^tini:  liow.  clung 
to  the  opinion  of  the  palfleoUtliic  gravels  of  tlie  Little  Ouno  dmtriot  baviug 
been  due  to  flood  or  eataolysniio  aofioo.   See  slao  last  nots. 
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generally  in  the  valleys,  and  that  therefore  the  gravel  occupying 
that  valley  pretty  uniformly  up  to  a  level  of  about  100  feet  above 
Ordnance  datum  is  not  the  gravel  c  cropping  out  from  beneath  the 
Chalky  Clay,  bat  giayel  poBteiiof  to  tibu  clay. 

The  traoBltion  diown  by  llua  Appkford-lwiclge  seotioa  horn  the 
Chalky  Clay  to  the  gravel  which  rests  upon  it  in  the  valley-bottom 
aeems,  from  the  description  of  Mr.  J.  M.  Wilson*,  to  be  entirely 
analogous  to  that  which  occurs  in  the  railway-cuttinjjs  near  Rugby, 
in  the  valley  of  the  Avon,  where  that  gontlouiaii  dcHcribes  this  clay 
(which  there  makes  a  similar  plunge  into  the  valley  of  tiie  Avon, 
cutting-out  the  gravel  c)  as  changing  imperceptibly  into  the  quartzito 
grayel,  which  I  am  about  to  describe  in  Stage  Y.  as  extending  over 
tiie  weetem  edge  of  the  formation. 

In  the  excavation  of  the  trough,  which  is  occupied  partly  by  the 
upper  portion  of  the  Bain  river,  and  partly  by  the  Stccpinp:  river 
in  Lincoluahire,  however,  we  get  what  Hccms  to  me  to  be  one  of  the 
most  conspicuous  results  of  the  ice  melting.  This  deep  and  steep - 
aided  trough  is  formed  on  its  north-east  sides  by  the  escarpment  of 
ibe  Chalk  wold,  shown  by  the  dotted  line  in  Sheets  83  and  84,  and 
on  the  west  by  that  massive  deposit  of  the  Chalky  Gay  riring  to  a 
nearly  equal  height  with  the  Wold,  of  which  I  have  spoken  in 
connexion  with  the  marl  masses  in  Stage  II.  The  petty  streams 
of  the  Ikin  and  Steeping  which  occupy  it  could  in  no  conceivable 
conditions  of  climato  have  posses-sed  the  volume  necessary  to  have 
wrought  its  excavation,  even  if  the  general  facts  pointed  in  that  di- 
rection ;  but  we  have  seen,  in  the  case  of  the  East-Anglian  valleys, 
that  rivers,  so  far  from  having  had  any  thing  to  do  wil£  their  exca- 
vation, have  only  filled  them  up  to  their  present  alluvium  level.  The 
excavation  of  this  picturesque  trough  of  the  Bain  and  Stewing  seems 
to  me  to  have  resulted  thus, 

Tln'  sections  reh  rred  to  in  the  footnote  f  will  show  that  tlic  head 
of  this  trough  commences  where  the  Chalky  Clay  is  bedded  up  to  and 
buries  the  Wold  escarpment.  This  and  the  fact  that  the  Wold  forms 
one  side  and  the  Chalky  Clay  the  other  side  of  the  troogh,  indicate 
that  when  the  Chalky-Clay  ice  began  to  dissolve  the  day  lay 
continuously  up  to  the  escarpment  along  the  line  of  the  trongh.  The 
Wold  itself  is  bare  of  the  clay,  the  whole  of  the  vast  mass  nf  the 
chalk  degraded  from  it  ))y  the  ice  having  been  swept  over  its 
escarpment  into  the  depressed  area  of  Central  Lincolnshire  ;  so  that 
what  is  nevertheless  a  part  of  the  Chalky-Cluy  moraine  consists  of 
feeonstmcted  chalk,  pnre  enough  to  be  burnt  for  lime.  So  long  as 
the  ice  continued  to  move  it  kept  np  tins  supply  of  moraine 
from  the  Wold,  and  no  fissure  was  allowed  to  form  between  the 
Wold  escarpment  face  and  the  moraine  thus  swept  over  it;  but 
when,  from  the  diminution  or  cessation  of  the  movement  of  the  ice, 

»  Report  of  the  Engby  School  Nut.  Hist.  Sen-,  tor  J 873,  p.  10. 

t  For  the  structure  of  these  \alley«,  see  beciions  of  paper  of  Mr.  Borne  and 
miTMlf  hi  Quart.  Joara.  Geol.  Soc.  vol.  xxiv.  p.  161 ;  also  plate  of  ieotionsaooom- 
panjing  pajx^r  by  rovsclf  iiiQ«oL  Mag.  liDr  Jaanaiy  I&JS, 

Q.  J.        1(0.144.  2  k 
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this  supply  either  dimiuiBhed  or  ceased,  the  water  arising  from  the 
melting  during  summer  found  its  way  between  this  cijcarpmcnt- 
iace  and  the  moraane,  and  hsnng  onoe  done  this,  it,  by  the  ever- 
inoieasing  quantitaee  pouring  from  the  ioe  in  its  dissolution,  soon 
swept  out  the  clay,  and  washing  it  into  gravel,  contributed  to  that 
spoil  of  Lincolnshire,  hard  white  chalk,  which,  together  with  the 
red  chalk  of  the  same  county,  is  found  in  the  Cotteswold  gravels, 
presently  to  be  described.  Patches  of  the  gravel  resulting  from 
the  spoil  of  the  Bain-Steeping  trough  still  remain  in  it,  us  at  Hag- 
worfhingham  (where  they  cap  low  hills  which  were  formed  oat  of 
the  Neocomian  beds  by  this  denndation),  and  they  are  ot  the  oannon- 
shot  kind. 

The  narrow  spaces  in  Map  No.  1  (1*1.  XXI.)  uncovered  with  the 
shading  representing  the  Chalky  Clay  are  the  river-valleys  of  the 
region,  the  rivers  of  which  are  delineated  in  ^fap  2.  These  the  ice 
in  shrinking  cut  out.  At  the  close  of  the  Chalky  Clay  the  sea  lay 
to  the  west  of  it,  deepening  in  that  direetion  towazds  the  Atlantic, 
and  it  lay  in  a  shallower  condition  over  a  part  of  the  German  Ooean. 
Judging  from  the  elevation  of  the  gravel  line  resting  on  the  Chalky 
Clay,  the  sea  at  this  time  still  flowed  up  the  Lea  valley,  and,  but  for 
the  intervention  of  a  space  of  higher  ground  near  Dunstable,  would 
have  formed  a  strait  between  tlic  sea  in  Sheet  1  and  that  in  Sheet  46. 

The  water  parting  between  the  systems  of  the  Ouse  and  Thames 
in  Sheet  46,  and  that  between  the  Nen  and  Avon  in  Sheet  53, 
appear  at  the  dose  of  the  Chalky  Glay  to  have  jost  emerged ;  but  that 
between  the  Welland  and  the  Avon  (which  is  part  of  the  Severn 
q^stem),  in  the  S.E.  of  Sheet  was  still  beneath  the  sea-level  of  that 
time :  and  it  was  through  the  Welland  valley  and  over  this  j)arting 
that  material  from  the  washing-out  of  the  ljain-iStcei)iiig  trough 
evidently  was  carried  into  the  sea  ovor  the  Severn  system,  and 
imbedded  in  the  Cotteawold  gravel  in  Sheet  44. 

In  the  case  of  the  valleys  in  l^ieets  70  and  83,  though  all  these, 
ezoept  such  as  lie  in  the  extreme  west  of  the  sheets,  now  drain 
to  the  Wash,  yet  at  the  time  of  the  ice-retreat  this  was,  owing 
to  the  different  inclination  of  the  land,  I  consider,  not  the  case; 
and  since,  as  we  have  seen,  tlie  moraine  entered  the  sea  over 
the  upper  part  of  the  Trent  system  by  the  valley  of  the  Soar 
in  Sheet  03,  so  did  the  sea  enter  the  rest  of  the  Trent  system 
firom  the  west  as  the  ice  vacated  it,  and  the  whoto  area  of 
that  system  became  occupied  hy  the  sea,  so  that  this  covered  the 
Jurassic  e8carx)ni«  nts  in  the  north  of  Sheet  80,  but  declined  to  lower 
elevations  in  the  direction  of  the  Wash,  the  line  of  the  gravel  e  there 
falling  nearly  to  the  level  of  the  existing  sea-line.  The  principal, 
perhaps  tlie  only  one  of  these  valleys  which  has  been  thus  reversed 
is  that  tlat  one  of  the  Witham  and  its  afliueuts,  for  it  is  along  the 
valley  of  the  Langworth,  one  of  the  affluents  of  this  river  as  well  as 
that  of  the  Witham  itself  below  its  confluence  with  the  Langworth, 
that  this  gravel  line  descends  from  the  summit  of  the  esoarpmoiLtsin 
the  north  of  Sheet  83  towards  the  Wash. 

In  this  direction,  therefore,  further  part  of  the  water  from  the  ioe 
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melting  probably  escaped,  patising  out  into  the  Trent  basin  instead 
ofinto  the  Wash. 
The  TaUey  of  the  Gam,  ooeapymg  as  it  does  the  apaee  hare  of 

the  Chalky  Clay  that  extends  through  the  south-west  and  centre  of 
Sheet  51,  has  evidently  been  all  of  it  excavaU'd  by  the  ice  of  this 
clay  ;  and  I  am  informed  that  phosphalic  nodules  from  the  gault  of 
this  vaUey-bottom  occur  in  the  Chalky  Clay  overwhelming  the 
island  lying  east  of  it,  in  Map  2.  I  bhall  attempt  iu  the  second  part 
of  this  memoir  to  iliow  that  the  Talleys  of  all  the  xiyers  numing 
through  the  area  of  the  Chalky  Clay  to  the  Wash  were  entirely  ez- 
oaTated  by  the  ice  which  I  have  been  describing,  the  rivers  them- 
selves having  had  no  share  in  the  process  beyond  removing  (after 
or  as  the  country  ari]uirod  its  present  indmation)  part  of  the 
gravels  that  ^lut  accumulated  iu  them. 

Stage  y.  Ths  Fmod  of  the  PurpU  Clay  of  TorJaMre  and  of 

the  Oravd  e, 

B^ond  those  parts  of  Norfolk  and  Suffolk  where  the  Cannon-ehot 

gravel  and  other  spoil  of  the  ice-water  occur,  the  Chalky  Clay  pre- 
sents? that  invariably  bald  surface  of  heavy  land  which  forms  the 
principal  whcat-^rowin<;  area  of  England.    Along  the  edges  of  the 
valleys  through  it  tliero  occur  small  patches  of  gravel  occasionally, 
which  rise  to  greater  heig^ta  weatwardly,  mitil  along  the  edges  of 
the  fbimation  nearest  to  the  sea  of  the  period  we  find  it  more  gene- 
rally overlain  by  gravel.   The  places  where  this  occurs  are  those 
where  tlie  ice  at  the  close  of  the  formation  entered  the  sea.    In  the 
north  of  Sheet  48,  where  the  line  of  the  sea-level  of  this  period 
begins  to  rise  above  that  of  the  present  day,  we  do  not  find  this 
gravel  (e)  overlapping  the  Chalky  Clay  so  as  to  rest  upon  it,  but  only 
as  forming  a  sheet  immediately  below  the  lowest  or  plunging  part 
of  the  clay,  in  the  manner  shown  by  figs.  I.  and  I.  a,  and  here  it 
reaches  the  elevation  of  about  25  or  30  feet.    As  it  extends  due  west- 
wards, however,  through  Sheet  48  up  the  vallc  y  of  the  Stour,  this 
gravel  covering  continuously  the  wide  valley-bottom  gradually  rises 
in  accordance  with  the  westerly  increment  to  an  elevation  of  ()U  feet 
before  reaching  the  boundary  between  this  sheet  and  that  nuni])ered 
47.    Proceeding  southward  we  find  it  continuous  with  c  to  the  eaat 
of  the  (JSStfor^  Colne  in  the  south  of  Sheet  48,  while  to  the  west  of 
that  river  it  lies  outside  the  flat-topped  tablelands,  oovered  with  the 
gravel  c,  to  which  the  moraine  did  not  roach.    Separated  from  c  by  a 
denuded  slope  of  London  Clay,  it  lies  between  it  and  that  part  of  the 
gravel  which  is  marked  fin  tig.  VI,,  and  which  skirts  the  coast  in 
Sheet  2,  and  touches  in  Clacton  and  Holland  clitfs,  at  a  low  elevation, 
the  south  centre  of  Sheet  48  before  disappearing  in  the  ^(orth  Sea. 
As  it  sweeps  into  the  estuary  of  the  Blaokwater  it  is  shown  at  tiie 
eastern  extremity  of  fig.  YII. ;  its  elevation  at  ToUeshunt,  which  is 
beyond  the  limit  to  which  the  moraine  reached,  corresiK)nding  with 
that  it  reaches  over  the  moraine  at  Braxted.    Entering  the  valley  of 
the  Blar  kwater  this  gravel  there  passes  over  the  Chalky  Clay  where 
this  accumulated,  after  the  change  in  the  mode  of  deposition  which  I 
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fasve  deeoribed,  firofm  ihe  nndbauk  to  the  cattan^-oiit  method,  in  the 
bottom  of  that  ToUcy.  Here,  in  the  Blackwater  ueae  of  Hie  ioe  to  the 
sea,  it  liee  at  a  height  of  about  100  feet  *.  It  enten  the  valley  of  the 
Chclmer,  the  next  river  aoiith  of  the  lilackwatcr,  and  there  passes 
undistingTiishably  into  the  lower  part  of  the  gravel,  which  extend* 
up  the  northern  and  eastern  slopes  of  Danbury  hill  to  the  summit ; 
for  the  Chalky  Clay  not  having  reached  those  sides  of  this  liill,  the 
fonnation  of  gravel  there  went  on  nnintemtptedly,  so  tiiat  b\  c,  and  « 
are  oontinnoos,  as,  bnt  for  the  interposition  of  the  Chalky  Clay,  they 
would  be  on  the  western  elope  of  the  ridge  in  fig.  VII. 

Along  the  northern  slope  of  the  Thames  valley  small  patches  of 
gravel  occur  at  various  heights,  representing  tliat  whioli,  having 
accumulated  there  while  the  Chalky  Clay  was  forming,  was  mostly 
washed  uway  before  it  emerged.  Of  these  one  at  Laindon  Common 
is  traveraed  by  Uie  line  of  fig.  VI. ;  and  they  also  ooour  above  the 
edge  of  tiie  Chalky  Clay  in  yalleyB  tributary  to  that  of  the  Thames, 
inch  as  that  of  the  Boding,  in  those  places  where  having  emerged, 
and  the  ice  not  having  reached  so  high  or  so  far,  this  has  not  de- 
stroyed them.  None  of  these,  however,  pass  over  the  Chalky  Clay  ; 
but  in  the  railway-cutting  through  the  liill  above  Chipping  Ungar,  in 
the  fiord  or  channel  represented  by  the  lioding  valley,  a  considerable 
bed  of  gravel  was  exposed,  resting  on  iiheChfl^  Clay  that  had  been 
dspositeid  by  the  iee  which  ploughed  oat  tiiat  channel.  This  is  the 
lowest  point  to'  which  the  clay  descends  the  side  of  the  Thames 
yalley,  or  of  any  offset  from  it,  such  as  that  of  the  lioding,  and  its 
elevation  is  nearly  level  with  the  1 75-£&et  mark  on  Ongar  station* 
This  is  in  the  lioding  issue  to  the  sea. 

Mr.  Prestwich,  in  vol.  i.  of  the  'Geologist,'  p.  241,  describes  the 
Chalky  Clay  as  both  overlain  and  underlain  by  gravel  in  the  railway- 
eatting  at  Brickett  Wood,  near  the  centre  of  the  north  ]^art  of  Sheet 
7.  The  elevation  of  this  cutting  is  about  the  same  as  Bnckett-Wood 
stotion,  whioh  is  256  feet.  This  is  in  the  {HtHfordOdft)  Colne 
issue  to  th(!  sea. 

In  the  west  centre  of  Sheet  46  I  found  the  Chalky  Clay  overlain 
by  from  '^  to  o  feet  of  red  gravel  on  the  hilltop  at  Soutliend 
Stewkley  in  a  clean  section.  This  point  is  on  the  summit  of  the 
water-partiDg  that  here  divides  the  drainage-system  of  the  Onse 
from  that  of  the  Thames,  and  its  elevation  is  482  fieet ;  bat  as  it 
fiorms  a  small  island  in  Map  2  (PL  XXL),  occupying  the  centre  of 
the  opening  re]>resented  by  those  portions  of  this  parting  which  are 
below  or  but  little  above  the  liiu'  of  the  junction  of  c  with  d  in  their 
vicinity,  and  the  gi'avel  was  very  coarse  and  llinty,  I  do  not  regard 
it  as  a  part  of  that  which  1  am  now  describing,  but  as  haWng  been 
derived  £pom  the  melting  of  the  ioe  that  bad  moimted  this  island, 
and  lay  high  above  the  sea,  and  as  similar  to  that  of  Not^Edlk  de- 
scribed in  Stage  IV.  The  channels  which  here  had,  at  the 
stage  of  emergenoe  shown  in  Map  2,  connected  the  sea  over  the 

*  Fr«d)wafter  tbelli  have  boon  found  in  some  of  this  ffravelnMur  Braxted ;  biit, 
of  course,  as  the  sea  retrcsted  by  the  further  rise  of  the  land,  the  ireib  watw 

followed  it. 
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Thames  system  with  that  over  tlic  Ouse  sj'stem  were  on  either  side 
of  this  island ;  and  in  ouo  of  these,  at  Winslow-station  brick-field, 
I  found  that  the  Chalky  Clay  (underlain  by  c)  had  over  it  a  bed  of 
gravel  fiill  of  qnartzite  pebblM.  Tlie  Qidnaiioe  maik  denoting  277 
feet  elevation  is  on  the  bridge  near  this  briokfield ;  bat  as  Winsbv 
is  at  the  head  of  the  Ouse  drainage-system^  and  the  parting  between 
this  system  and  that  of  the  Thames,  though  open  (by  way  of  the  Ray, 
at  least)  at  the  time  represented  by  Map  2,  had,  I  think,  emerged 
by  the  close  of  the  Chalky  Clay,  the  gravel  over  the  clay  here,  though 
of  the  same  age  as  e,  does  not  occupy,  as  in  the  cases  just  men- 
tioned and  tlioae  about  to  be  mentioned,  the  actual  iBsiies  of  the  ioe 
of  the  Chalky  Clay  to  the  sea  at  the  dose  of  that  formation. 

Mr.  Uoyd,  in  deseribing  the  Drift  of  the  Avon  valley,  gave  tiie 
elevation  of  the  quartzite  gravel  there  in  Sheet  5'A  as  reaching 
3"!»G  feet*.  He  does  not,  however,  distinguish  to  which  of  the 
gravt'ls  that  he  groups  together  as  the  Older  Drift  of  this  part  this 
elevatiun  applies ;  but  from  the  notices  of  its  occurrence  around 
Eugby,  given  by  Mr.  Wilson  in  vol.  xxvi.  of  the  Journal  (p.  192), 
partiouJarly  at  Gawston,  Oifton,  Shawell,  and  Newton,  it  would 
appear  that  the  graveL  over  the  Chalky  Clay  in  the  north-east  of 
this  sheet  ranges  nearly  or  quite  to  this  height  (the  clay  there 
being  also  underlain  by  the  •gravel  r),  while  at  a  lower  elovation  it 
ca^w  the  clay  plunging  from  this  ])Osition  into  the  valley  of  the  Avon 
and  cutting  out  c ;  for  it  is  described  by  him,  in  the  report  of  the 
Eugby  School  j^fatural-History  Society  for  1  S7li,  as  there  passing 
imperoeptibly  downwards  into  the  Chalky  Clay,  just  as  I  found  it  in 
similar  position  in  the  Blaokwater  valley  eroiised  by  the  line  of 
fig.  VII.  This  is  in  the  Welland  and  Avon  issue,  the  deepest  and 
broadest  apparently  of  <l11  the  issoes  of  the  ice  to  the  sea,  ezoept 
perhaps  that  of  the  Trent. 

rroceediiig  from  this  ])art  directly  towards  Moel  Tryfacn,  wo 
get,  at  liirmiugham,  near  the  centre  of  the  south  of  Sheet  G2,  the 
section  of  Messrs.  Crosskey  and  Woodward,  whioh  I  have  eopisd  in 
fig.  XYII.  Here  the  gravel  e  appears  to  rraeh  the  elevation  of  520 
feet.   This  seems  to  bo  in  the  (reversed)  Trent  issue. 

In  all  this,  both  in  the  direction  southwards  from  Sheet  48 
and  westwards  from  Sheet  1,  we  find  the  increment  of  submer- 
gence so  far  agrcein^!^  with  that  traced  at  the  end  of  Staple  II. 
that,  from  the  part  where  this  gravel  rises  above  Ordnance  datum 
in  the  north  of  Sheet  48  to  the  place  of  Section  XYII.  being  140 
nules  and  the  rise  520  foot,  it  gives  a  westerly  increment  of  d*7  as 
against  the  feet  per  mile  in  Stage  11.,  while  from  the  same  point 
to  Qngar  ontting,  in  Sheet  1,  the  distance  being  70  miles  and  the 

*  Quart.  Juurn.  Qteol.  Soc.  vol.  xxv  i.  p.  21 G.  Tbo  gravel  retichiug  this  elevation 
w  that  diadnguiahed  by  Mr.  Lloyd  with  the  letter  A.  Mr.  Llovd'sbed  B»  where  it 
occurs  in  the  Lin^  di.itricts,  is  the  Chalky  Clay,  aiifl  <-l»ew]Miie  it  may  bo  its 
marine  equiTalenl,  as  may  also  be  his  0.  His  D  is  the  Middle  Glacial  (c).  All 
thMe  he  puts  together  as  the  Older  Drift;  and  his  other,  or  Newer  Drift,  indi- 
cated by  ii"rrf^*^  ktten^  is  that  of  stages  labiecjaflnt  to  this  portion  of  mj 
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rise  175  foot,  it  gives  for  the  south-westerly  increment  2*5  feet  per 
mile,  or  the  same  as  that  traced  in  Stage  II.    From  this  limit  in 
Sheet  62  the  line  of  the  gravel  e  falls  in  a  corresponding  way  towards 
ffae  Wash.  In  Sheet  03  its  eltmtbn  seenifl  much  the  same  m  in  53» 
and  for  it  I  rely  on  tho  ohservatiomsof  Mr.  Harrison,  of  the  Leicester 
Museum,  who  has  kindly  done  some  field-work  for  me  there,  and 
whoso  measurements  of  altitude  have  heen  by  aneroid.  Here  also  r  is 
much  preserved  beneath  the  Chalky  Clay,  cut  through,  nevertheless, 
by  the  plunge  of  the  clay  into  the  valley  of  tho  Soar,  in  accordance 
with  this  feature,  as  I  hare  described  it  elsewhere.    The  highest 
point  at  which  ha  UBimd  gravel  was  Saddington,  464  feet.  This, 
however,  may  perhaps  he  tiie  gravel  e  emerged  hefore  the  moraine 
reached  it  and  left  n&covcred  by  it,  or  it  may  bo  the  gravel  h\  or 
possibly,  t\H  it  is  on  one  of  the  islands  in  the  south-oast  of  the  sheet*, 
gravel  of  the  ice  melting  (*■');  but  at  ;i7<)  feet,  at  Kihworth,  was  a 
section  of  sand  and  gravel  uncovered  by  the  Chalky  Clay,  and  con- 
taining masses  of  that  clay  imbedded  in  it.    In  tho  various  sections 
which  he  foond,  ooly  those  at  Oadby,  in  the  east  centre  of  Sheet  63, 
at  320  feet,  showed  the  Chalky  Clay  dearly  overlain  hy  sand  or 
gravel,  which  in  one  instance  lay  irregularly  aeveral  feet  deep  on 
the  clay,  while  in  another  the  clay  passed  up  into  a  snndy  bed  full  of 
quartz  ])cbbk\s  and  flint.s,  which  nirroes  with  the  doscriiition  Mr. 
Wilson  gives  of  the  passage  upwards  of  tho  Chalky  Clay  into  the 
quartzite  gravel  near  Rugby.    Id  this  district  the  gravel  lies  close 
np  to  the  water-parting  hetween  the  Welland  and  Avon  at  Hnsbands 
Boeworth,  as  well  as  to  the  partiDgs  between  the  tributaries  of  l^e 
Soar,  a  part  of  the  Trent  system,  and  those  of  the  Swift,  a  part  of  the 
Severn  Hyst<Mii,  and  maintains  much  about  the  same  elevation  which 
it  does  around  Rugliy. 

Mr.  Mackintosh  mentions  finding  the  Chalky  Clay  on  the  Triassic 
escarpment  near  Gainsborough  (in  the  north-west  of  Sheet  83) 
passing  up  into  quartzite  gravelf.  This  day,  I  presume,  is  an  ex- 
tension of  the  patch  shown  by  me  in  the  south-west  of  Sheet  86  ; 
and  the  gravel,  like  that  crowning  the  Jurassic  escarpments  in  that 
sheet  (but  most  of  which  rests  on  the  Jurassic  rocks  directly),  to  ho 
the  deposit  of  the  sea  entering  the  drainage-system  of  the  Lower 
Trent  after  its  vacation  by  the  ice. 

North-east  from  63,  through  Sheet  71,  and  as  far  as  the  west  of 
70  (in  consequence  of  failure  of  hedth  hefore  I  could  work  this  area) 
I  have  not  been  able  to  coUoct  other  evidence  as  to  gravel  covering 
the  Chalky  Clay.  In  the  centre  of  She  et  s:?,  however,  Mr.  Acme 
and  1  found  an  extensive  formation  of  gravel  setting  in  at  the 
western  edge  of  the  westernmost  of  the  two  lines  of  small  ])utchc8 
of  the  Chjilky  Clay  running  northwards  through  that  sheet  and 
spreading  out  extenbivdy  in  the  west  of  Sheet  86,  where,  as  just 
said,  it  crowns  the  Jurassic  escarpment.  This  begins  a  little  norlih 
of  lineolu,  in  the  valley  of  the  Langworth,  at  an  elevation  of  leas 
than  100  feet,  whence  it  rises  northwards.    It  seemed  to  pass 

*  8te  Koie,  p.  627.      t  Quart.  Journ,  QeoU  Soo.  vol.  xxxvii.  p.  185. 
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over  the  Chalky  Clay  (for  there  is  generally  none  under  it  in  this 
region*),  but  we  found  no  section  to  show  this  distinctly  except  at 
LuigtoD,  near  Wragby ;  but  the  greater  part  of  its  range  is  where 
none  of  this  day  has  been  left. 

As  this  gravel  extends  north-westwards  it  riaee  gradually,  so  that  in 
Sheet  Si)  it  crowns  the  escarpments  at  elevations  exceeding  200  feet, 
as  described  by  Mr,  Rome  and  myself  in  the  2  Uh  vol.  of  the  Journal, 
having  there  been  called  by  us  Denudation  gravel,"  under  the 
somewhat  erroneous  idea  that  it  was  connected  with  the  denudation 
of  the  Chalky  Clay.  From  eential  Linoolnshixe  towards  the  Waah 
the  line  of  Uiis  gravel  deecends  through  the  valley  of  the  Witiiam 
to  very  low  elevations,  so  as  to  become  undistinguishablo  firom  the 
line  of  that  surrounding  the  Wash,  whioh  is  to  be  described  in  the 
second  part  of  this  memoir. 

Within  this  circuit  of  gravel  and  above  its  line  of  elevation  the 
Chalky  Clay  ever}  where,  save  where  patches  of  gravel  of  the  kind 
described  in  Stage  lY.  occur,  presents  a  naked  surface,  which  could 
not  be  the  case  if  submergence  in  general  had  suoeeeded  its  deposi* 
tion« 

A  oomparison  of  the  elevation  of  the  lino  of  gravel  e  with  that  of 
the  gravel  h'  should  show  the  rise  of  England  in  the  interval ;  but 
in  the  neigh]K)urhood  of  the  Chalky  Clay,  />'  ca])8  only  isolated  hiUs, 
the  depth  of  water  over  which  at  the  culmination  of  the  submergence 
we  have  nothing  beyond  the  general  increment  of  depth  westwards  and 
southwards  to  show.  Thus  in  fig.  YII. « is  lees  than  200  feet  below 
but  it  is  260  feet  below  ft^  on  Duibury  hill,  which  forms  a  [uromontory 
on  the  north  side  of  island  No.  8,  and  is  only  7  miles  to  the  south- 
west of  fig.  Vll.  At  Ongar,  e  is  scarcely  200  feet  below  the  patch  of  6' 
which  1  found  on  Warley  hiU,  while  it  is  265  below  that  on  Hamp- 
stead.  If,  however,  we  compare  e  at  Ongar  with  />'  nearly  26  miles 
duo  south  of  it,  on  Well  Hiil,  against  the  unsubnierged  summits  of 
the  chalk  downs  close  adjacent,  such  as  those  at  Enookholtt  and 
allow  for  the  southerly  increment  which  I  have  estimated  at  the 
end  of  Stage  IT.  as  a  little  over  2*6  feet  per  mile,  it  gives  a  difference  of 
a  trifle  over  300  feet.  If  we  compare  e  at  Brickett  Wood  in  the  Colne 
issue  to  the  son  at  256  foot  with  h'  on  the  skirts  of  the  Chiltems  at 
600  feet  or  thereabout,  and  allow  for  the  westerly  increment,  we  get  a 
difference  of  about  250  feet ;  but  I  have  not  been  able  to  ascertain 
with  any  precision  the  highest  points  reached  by  b*  in  that  position, 
and  it  may  be  more  than  600  feet.  Comparing  e  at  380  fbet  around 
Bugby  with  the  highest  level  at  which  gravel  actually  occurs  on  the 
Cotteswolds,  we  get  a  difference  of  about  370  feet,  but  if  the 
westerly  increment  be  taken  into  account,  of  2S0  feet  only. 

The  further  west,  however,  that  we  institute  the  comparison  the 
more  do  we  ap])roach  the  conditions  of  an  increment  of  norOwrly 
depression,  such  as  is  deduced  in  Stage  II.  between  South  Hants 

♦  At  two  or  tbreo  places  (Eanby,  Market  Stainton,  aud  Brough-on-Bain)  in 
this  neighbourhood  there  are  patches  of  gravel  which  is  either  in  or  under  the 
Chiilky  Clay  or  is  part  of  the  fint  spoil  produood  by  the  washiqg-out  of  the 
Bain-Steeping  ferovigb ;  but  they  are  oS-mj  nnaU  extent  indeed. 
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and  Maodeefleldf  and  kse  that  of  the  opponte  direction,  eo  that 

the  teriTiB  of  comparison  become  obBcure.  ThoB  the  westerly  in- 
orement  of  4*6  added  for  the  30  miles  distance,  at  which  e  in 
fig.  XVII.  lies  nearly  due  west  of  Kiij^by,  would  make  the  eleva- 
tions of  e  at  Kugby  and  Birmingham  closely  coincide,  the  elevation 
of  e  in  fig.  XVli.  (judging  trum  that  of  the  canal  mentioned  by 
HessTB.  Crosskey  and  Woodwaxd)  being  about  520  liaet.  A  eompafi- 
Bon,  however,  of  tiiie  latter  with  6'  on  the  Gotteewolds  at  750  feet, 
wiljiont  any  allowance  for  aoatherly  or  westerly  increment  (Uio  two 
places  lying  nearly  on  the  same  meridian),  would  show  a  rise  during 
the  Chalky  Clay  of  only  l>M(  lfeet ;  but  as  the  place  of  fig.  XVll.  and 
the  Cottcswolds  are  both  in  tlie  line  from  Macclesfield  to  South 
Hants,  along  which  in  Stage  11.  1  have  described  the  northerly 
increment  of  4*5  feet  per  mile  aa  obtaining,  and  iig.  XVII.  is  25  milea 
nearer  to  Macdeafield  than  the  northern  eztreoiity  of  the  CSottea^ 
WoldBi  an  allowance  at  this  rate  would  aogment  the  280  to  842. 

(hi  the  whole  we  may,  1  think,  take  300  feet  as  a  very  cloae 
approximation  to  the  true  amount  that  England  rose  between 
the  culmination  of  the  sul  (mergence  and  the  time  when  the  ice  of 
the  Chalky  Clay  began  to  retreat  and  make  room  for  the  deposit  of 
e  over  its  moraine  in  the  part  where  it  had  issued  to  the  sea ;  and 
though  we  cannot  suppose  this  riae  to  have  been  precisely  uniform 
over  the  whole  of  En^^d,  it  is,  I  think,  dear  that  no  considerable 
recovery  from  the  pre])ond6ranee  of  westetly  depression  had  up  to 
this  time  oecurrt'd.  This  amount  of  emergence  would  have  broufrht 
central  >'orlolk  to  its  jiresent  elevation,  as  deduced  in  Stages  II. 
and  IV.,  East  2soriuIk  being  higher  than  this,  but  West  ^'orfolk 
lower. 

The  elevation  of  e  around  Bngby,  extended  with  the  increments 
just  discussed  to  the  water-partings  in  question,  would  show 
tiiat  at  the  dose  of  the  Chalky  Clay  the  water-parting  between  the 
Thames  system  by  way  of  the  Cherwell  and  that  of  the  Severn  by 
way  of  the  Itchen  or  the  Leam  (branches  of  the  Avon  in  Sheet  53), 
which  lies  at  an  elevation  of  about  -450  icet,  had  emt-rged,  and  that 
the  parting  by  the  way  of  the  Eveulode  and  tlie  Stour  (tributaries  of 
the  Thames  and  Avon)  in  Sheet  44,  which  liee  at  a  very  similar  eleva- 
tion, could  have  had  but  little  water  over  it.  Nevertheless  the  passage 
over  it,  which  I  have  to  d^cribe,  of  the  red  and  hard  white  chalk 
from  the  was]iinp:-out  of  the  Steeping  trough  described  in  Stage  IV. 
(the  red  chalk  at  least,  when  in  situ,  being  confined  to  Slicct  (VJ  and 
the  sliec'ts  north  of  that)  sliows  that  there  was  water  enough  to  float 
ice  of  some  sort ;  aud  the  difi'crenco  between  the  elevation  of  this 
water-parting  and  the  elevation  up  to  which  the  submergence  of  the 
Cottcswold  daring  Stage  II.  dearly  extended  is  just  about  300  feet 
The  parting  (on  the  south  of  the  Cotteswolds)  between  the  Thames 
and  Severn  systems  in  Sheet  ;U,  by  way  of  the  Swillbrook  and 
Somersc f shire  Avon,  and  wbicli  rises  to  about  )MH)  feet,  remained  open 
until  later;  but  the  emeri^ence  of  tliis  is  connected  witli  the  events 
to  which  the  concluding  part  of  this  memoir  has  reference. 

The  evideneea  afforded  by  the  Cottaawold  gravel  in  Sheet  44  are 
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important  in  their  bearing  upon  the  events  which  I  have  been 
tracing.  In  the  emvatioii  of  t3ie  tosiiwl  at  IGokletoii,  at  the 
northern  extremity  of  the  CotteswoldB,  a  bed  of  gravel  was  found 

87  feet  thick,  which  reposed  on  15lbet  of  day  oontaining  large 
blocks  of  marlstone*.  This  bed  of  grayel  was  accumulated  in  a 
strait  which  divided  the  small  island  formed  by  Elirington  Hill, 
shown  in  Map  2  at  the  nortlioru  extremity  of  tlic  lar^e  island 
which  the  main  Cotteswolda  then  constituted,  and  the  elevation  of 
its  top  is  490  feet.  It  of  course  represents  the  entire  gravel  accu- 
nralation  from  the  time  when  during  Stage  11.  HioUeton  beeame 
anbmerged,  np  nearly  to  the  cloee  of  the  Chalky  Clay,  a  little  before 
whioh  its  top  had  emerged ;  for  from  !Mr.  Gavey'a  description,  it  docs 
not  appear  that  this  gravel  contained  the  red  chalk  and  hard  white 
chalk  of  Lincolnshire,  though  Mr.  Lucy  mentions  (p.  47  of  his 
pajxTf  )  that  ])atehe8  of  gravel  with  white  chalk  and  flints  are 
within  the  di^strict  where  this  bed  occurs ;  and  in  one  pit  of  which 
he  gives  a  section,  at  Little  Woolford  flelda,  at  an  deration  of 
d94feet»  and  in  which  17  feet  of  this  grafd  is  ezpoaed,  he  foond 
both  the  red  and  the  hard  white  chalk  imbedded  in  it,  as  well 
as  the  largo  angular  flint><  so  characteristic  of  the  Chalky  Clay. 
This  is  on  tho  north  of  the  water-partinn:  between  the  Thames  and 
Severn  svsteras  bv  wav  of  the  Evenlode  and  Stour,  and  in  the 
Talley  of  the  latter,  ^ear  Chipping-Norton  liailway  Junction, 
however,  which,  though  at  a  somewhat  lower  level  than  tiiis  last, 
is  on  the  sonth  of  this  parting  and  within  the  valley  of  the  Even-  , 
lode^,  he  also  foond  this  debris;  and  as  it  has  not  been  noticed 
within  the  Thames  system  further  east,  the  inference  is  that 
passing  from  tho  mouth  of  the  Bain-Steeping  trough,  in  Sheet 
84,  it  was  swept  by  ficld-ice  through  the  valley  of  the  Wel- 
land  and  over  the  watti-purting  between  this  and  tho  valley 
of  the  Avon,  and  so  into  the  sea  over  the  Severn  system. 
Grinding  along  the  coast  of  the  idands  diown  in  Sheet  53  of 
liap  2,  but  wMch  had  then  farther  emerged  so  that  the  channels 
there  shown  as  open  between  the  systems  of  the  Nen  and  Severn  by 
way  of  the  Ixam  and  of  tho  Thames  and  Severn  systems  by  way  of 
the  Itehen  and  Cherwell  had  now  closed,  this  ice  was  8wei)t  up  the 
valley  of  the  St  our  to  the  oast  of  Lhrington  Hill  and  of  the  now  emerged 
strait  between  that  hill  and  the  Cottcs wolds,  and  so  through  one  or 
two  narrowband  shallow  passages  throogh  the  parting  whidi  were 
still  water-covered  into  the  sea  over  the  Thtones  system.  The 
closiug  of  the  parting  between  the  Thames  and  Onse  systems  in 
Sheet  40,  which  T  have  descri])ed  as  having  just  preceded  the  end 
of  the  Chalky  (  lay.      f|uite  in  accord  with  these  inferences. 

The  gravel  whii  h  occurs  abundantly  within  the  drainage-system 
of  the  ISevern  has  yielded  moiluiscan  remains  in  many  places,  and 
all  of  the  same  diaraeter ;  bnt  witli  the  exception,  of  the  band  of 
fragments  and  worn  shells  whidi  I  have  referred  to  the  ploughing. 

•  Gavey  in  Quart.  Jouru.  Geol.  Soo.  vul.  ix.  p.  29.      t  Loc.  cit.  p.  470,  anf^ 
\  Tbepositioiiof  esehof  thMsooeuirineesis  shown  liy  ths  erosMS  in  Sheet 
44ofliap2L 
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cot  of  a  searbed  wbibh  bad  been  In  ezistonoe  throagboat  most  of 
Stage  n.,  tbe  gravel  e  htm  not  yielded  fhese  lemaint ;  and  as  none 

of  die  remains  from  tbe  graveb  of  the  Severn  system  haye  oome 
from  them  at  elevations  preat  enough  (when  we  take  into  account 
the  rise  of  its  level  from  the  westerly  increment  of  submergence)  to 
correspond  with  r,  or  even  with  the  {jravel  [e)  over  the  Chalky  C^ay, 
we  may  inter  that  they  most  probably,  though  not  necessarily,  belong 
to  tbe  period  embraced  in  the  second  part  of  tbia  memoir.  Their 
character  does  not  awlBt  in  tbis  determination,  for  they  differ  in  no 
essential  way  from  the  shells  at  Moel  Tiyfaen  and  other  places  of 
extreme  elevation,  all  of  which  are  those  of  Mollusca  liring  now  in 
the  eastern  part  of  the  North  Atlantic,  and  comprise  none  of  those 
species  which  so  clearly  show  the  Bridlington  and  Dimliogton  beds 
to  belong  to  the  earlier  part  of  Stage  II. 

Another  subject  also  requiring  notice  before  I  proceed  to  the 
examination  of  the  morainic  formation  of  Stage  V.  is  tbe  absenoe 
of  drift  on  the  eastern  dope  of  the  Pennino,  south  of  tbe  Aire,  at 
any  altitude  at  all  corresponding:  to  that  at  which  it  occurs  on  the 
western  slope.  Tliis  has  been  \on^  known,  and  it  forms  tlie  subject 
of  a  special  examination  in  the  (ieolonrical-Sur\'ey  memoir  for 
{Sheets  Si  E.  and  71  S.K.  Where  the  Pennine  is  breached  by  the 
valley  of  the  iJerwcnt  in  Sheet  81,  and  of  the  Caldcr  in  Sheet  58, 
drift  extends  np  tbose  yalleys  to  increasing  heights  westward*, 
tfaougb  not  (so  fiir  as  it  would  appear  from  the  Surrey  memoir)  to 
beights  so  great  as  that  at  which  the  blithest  !^facclesfield  patch 
occurs  on  the  west  slope  .  and,  as  I  have  already  said,  some  si)ecial 
set  of  tbe  currents  lias  been  invoked  for  an  explanation  of  tbe  phe- 
nomenon. On  the  other  hand,  n(  ar  tlie  lino  dividing?  Sheets  !SS  and 
92,  glacial  drift  is  said  to  be  present,  and  to  rise  to  very  great  ele- 
Tstions  on  tbe  eastern  slope,  and  so  eontinue  n<«tbwaid8t.  It 
is  over  this  part,  close  to  tbe  division  line  of  Sheets  97  and  102, 
that  the  blocks  of  Shap  granite  have  travelled  from  the  western 
slope  of  the  Pennine  and  across  the  watershed.  This  transit  has 
occnrred  at  elevations  between  1400  and  IriOOfeet,  if  not,  indeed, 
somewhat  higher  ;  and  M  bat  is  very  important  to  observe  is  that 
this  transit  has  not  occurred  by  several  routes  which  traverse  the 
watershed  at  lower  elevations  than  this,  down  to  one  as  low  as 
800  feet.  These  routes  all  lie  in  Sheets  93  and  97,  and  are  given 
in  detail  in  my  paper  on  the  Boulder-day  of  the  North  of  England 
in  tbe  26tbvoLof  the  Journal,  p.  109.  In  that  paper  (labouring 
under  the  error  as  to  the  time  of  tbe  p-eat  submerpfonee)  I  attri- 
buted tbe  ])assape  of  those  blocks  to  the  a{;ency  of  tloating  ice  at 
the  period  of  greatest  submergence  (a  view  which  I  no  longer 
entertain  either  as  to  agency  or  period),  and  suggested  that  the  only 
explanation  of  these  blocks  not  having  travelled  by  tbe  lower  routes, 
that  I  could  see,  was  that  these  routes  were  blodad  by  ice.  In  tbe 
same  paper  I  pointed  out,  as  the  fact  is,  that  these  blocks  do  not 
occur  in  the  Chalky  Clay,  but  are  confined  to  tbe  Purple ;  and  under 

•  r)al<yns.  Quart.  Joum.  QeoL  Socr  vol.  xiviii.  p. 

t  Dukj-as,  Aw,  ct^.  SeealaoCarijinQuftrt.  Journ.  Geol.Soe.ToLx3cziii.  p.40. 
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the  same  error  as  to  the  time  of  the  great  submergence  I  attributed 
the  succession  of  that  clay  to  the  Chalky  to  its  having  been  formed 
by  the  extrusion  of  moraine  from  the  same  ico  as  that  of  the  Chalky 
C^aj,  under  an  increased  submergence  of  the  country,  which  had 
eansed  this  iee  toieoede  ftom  the  duJk  Wold,  tad  so  put  an  end  to 
the  Chi^  Clay.  Thu  yiew  of  the  oanse  of  41ie  snooeBdon,  and  of 
its  attendant  omiditionB,  I  ahN>,  as  the  preoeding  pages  ahow,  do  not 
now  entertain. 

Very  shortly  after  this  paper,  the  late  Prof.  Harkiiess  entered 
ver}'  ela])orately  into  the  subject  of  the  transit  of  the  Shap  blocks*, 
contending  for  their  transit  by  floating  ice,  when  the  Pennine  stood 
more  than  1500  feet  below  its  present  lerel.  On  the  other  hand 
there  are  geologiatst  who  have  entertained  the  opinion  that  this 
tranait  was  effected  not  by  floating  bnt  by  land  ice,  a  view  that,  as 
appears  in  the  sequel,  I  have  now  seen  reason  to  adopt.  All  those 
geologists  who  have  studied  the  glacial  ])benomcna  of  the  North- 
west of  Enprland  appear  to  have  thought  that  the  great  submergence 
indicated  by  the  Moel  Tryfaen  and  ^facck'sfield  slicll-gravels  followed 
the  glaeiation  of  that  part  of  England,  and  the  formation  of  the 
Lower  Bonlder-olay  of  Lanoashire  and  Comberland  (witii  which,  in 
my  Tiew,  the  Purple  Clay  of  Yofrkshire  is  identical),  and  that  with 
tlus  anbmergence  the  glacial  conditions  passed  away,  except  so  far  as 
the  Upper  lioulder-clay  of  tliat  region  indicated  their  renewaL 
My  own  view  also  up  to  the  time  when,  three  years  ago,  T  first  tried 
to  grapple  with  the  subject  of  this  memoir  by  examining  and  col- 
lating analytically  all  the  evidence  concerning  the  newer  Pliocene 
fonnatioDs  which  I  had,  dniing  many  years*  work  npon  them  in  the 
Add,  collected,  was  the  same ;  and  the  principal  thing  whidi  in- 
flnenced  me  in  this  opinion  was  the  character  of  the  molluscan 
fauna  fonnd  in  these  formations.  It  was  not  so  much  the  remains 
found  in  the  seam  near  the  top  of  r  that  influenced  me  (for,  as  already 
explained,  these,  I  think,  have  been  plouglu'd  out  of  a  sea-bottom 
which  began  to  form  during  the  earlier  part  of  the  long  period  of 
Stage  II.),  but  those  which  occur  at  Bridlington,  and  more  especially 
those  of  the  seam  of  sand  in,  but  near  the  top  ol^  the  Basement 
clay  of  Holdemess  at  Dimlington,  where  its  junction  with  the  Purple 
Clay  which  overlies  it  is  displayed  in  the  cliff. 

This  seam  was  detected  by  a  party  of  geologists  consisting  of  Sir 
Charles  Lyell,  Mr.  Leonard  Lyell,  Prof.  T.  M.  Hughes,  and  Mr. 
Rome  ;  and  a  description  of  it  was  sent  to  me  by  Sir  Charles  Lyell 
with  the  moUusoau  remains  which  they  extracted.  These  remains, 
especially  those  of  the  Nueula,  were,  many  of  them,  broken,  though 
flreshly  fractured  and  unworn ;  but  the  written  description  sent  me 
with  them  was  that  they  were  taken  from  a  seam  of  dark  sand  ?»V<?- 
raTJy  pnchtd  with  perftct  ^periinfm^  of  Nnoiln  Cohholdicr,  which 
seemed  to  be  double  ;  and  this  was  certainly  the  condition  of  one  of 
the  bivalves  (  Astarte  contj)nssa)  which  was  sent  to  me. 

The  Bridlington  bed  has  been  long  known,  and  was  described  by 

•  Qnart.  Joun.  toL  mi  p.  517.        t  CKwdsbad,  W,  toI.xizI  p.  96. 
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Mr.  Rome  and  myself*,  and  again  in  a  vertical  diagram  by  myself  t, 
as  intercalated  in  the  lower  part  of  the  Purple  Clay,  the  Basement 
Clay  appearing  to  OB  to  die  oat  Mme  miles  mmth  of  BridHngton. 
It  is  now,  however,  said  j:  that  the  latter  extends  to  Bridlington, 

and  occupies  the  space  there  between  the  beach-line  and  the  chalk 
floor,  a  depth  of  between  and  4<>  foot ;  and  that  this  long-known 
shell-bed  rests  on  its  surface  and  beneath  the  whole  of  the  Purple 
Clay,  which  just  there  must  be  in  less  thickness  than  at  Dimlin^^ton. 
From  this  it  would  appear  that  unless  the  clay  at  Bridlington  has  been 
planed  off,  the  shell-bed  here  and  tiieone  at  Dimlingtou  occupy  pre- 
cisely the  same  horizon  in  the  newer  Pliocene  seqnenoe  of  deposits. 
Now  the  Bridlington  sheUs  nnqnestionably  lived  where  they  occur, 
for  they  are  in  the  most  perfect  preservation  ;  and  though  the  sand 
containing  them  has,  in  the  apecimciis  I  possess,  hardened  to  the 
eoiulition  of  roik.  the  hivalvos  have  both  valves  adherent  and  are 
quite  unworn.  This  fauna,  while  it  presents  certainly  the  most 
arctio  appearance  of  any  known  from  England  and  periiaps  firom  any 
part  of  lutein,  contains  the  peenHar  and  now  eztSiot  forms  TMna 
obUqua  and  Nucula  CobholdiOf  the  first  a  shell  which,  appearing 
rarely  in  the  Coralline  Crag,  and  so  rare  in  the  Walton  part  of  the 
CraLi:  as  to  bo  almost  unique,  becomes  more  common  in  this 
crag  between  Walton  and  Butley,  while  at  the  latter  place,  and 
also  in  the  fiuvio-muriuo  crag,  the  Chiilesford  bed,  and  the  sands 
6  i,  where  these  are  fossiliferous,  it  swarms.  The  NModa  is  quite 
unknown  in  the  Walton  portion  of  the  Bed  Crag,  bnt  it  is  abondant 
in  the  Butley  and  fluvio-marine  portions,  and  occurs  in  the  sands  67. 
Both  species  are  not  only  extinct,  but  the  nearest  living  analogues  of 
the  Xiu'ula  are  confined  to  the  North  Pacific  Ocean.  Besides  these 
there  occurs  at  Bridlington  a  North-American  species  (  Fenus  Jhio- 
tiiosa)  unknown  from  the  Crag,  or  any  other  British  bed,  glacial  or 
otherwise,  except  that  next  mentioned.  Of  these  three  shells  1  have 
found  the  remains  somewhat  common  in  the  seam  near  the  top  of  « 
(shown  by  the  letter  x  in  fig.  XIII.);  hut  they  are  unknown  firom 
any  other  glacial  or  post-glacial  bed  in  Britain,  with  the  exception  of 
the  sand  h  /,  which  yields  the  two  first- raentionod  of  them. 

Now  if  the  beds  of  Aloel  Tryfacn  and  Alacelesfield  which  contain 
none  of  these  tliree  species,  nor  any  not  still  living  either  in  British 
seas  or  in  those  immediately  north  of  Shetland,  nor  yet  a  fauna  of 
a  ohaiacter  at  all  so  arctio  as  that  of  Bridlington,  but  yet  were 
obviously  accumulated  when  submergence  was  at  its  greatest,  are 
older  than  these  of  Bridlington  and  DimHngton,  it  is  a  very 
anomalous  circumstance.  These  three  species  are  equally  unknown 
from  the  Ilessle  and  Fen  graveh  of  the  eastern  side  of  England, 
which  contain  no  species  but  such  as  now  live  in  the  sea  surrounding 
the  British  isles,  or  in  that  immediately  north  of  the  Shetlands, 
and  yield  a  moUuscan  fauna  quite  as  di£forent  from  that  of  Brid- 
lington and  Dimlington  as  that  yielded  by  Moel  Tryfaen,  between 
which  and  the  fauna  of  the  Hessle  gravel  there  is  no  difSsrenoe 

*  Quart  Joum.  Gool.  Soc  vol.  xxiv.  p.  149.  t  Ibid,  voL  zxri  p.  90. 
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of  any  essential  character  beyond  the  fluvio-inarine  admixture  in 
the  latter  ;  and  this  negatives  any  explanation  of  the  dithculty  by 
Bupposing  that  the  species  in  question  were  peculiar  to  the  eastern 
n&  of  ^igland. 

It  wOl,  I  tniat,  appear  dear  from  the  preceding  pages  of  this 
paper  that  the  general  sabmeigenoe  preceded  the  fonuation  of  the 

Chalky  Clay  ;  and  had  I  space  I  could  ottVr  many  reasons  to  show 
that  it  preceded  both  the  Purple  Clay  of  Yorkshire  and  the  Lower 
Boulder-clay  of  the  north-west  contaiuing  shells  ;  and  I  thiuk  it  must, 
from  what  I  have  shown,  be  obvious  to  geologists  that  the  iiui>e- 
ment  Clay  of  Helderaeea  was  fbrmed  when  Ihe  indinatioii  of  England 
was  in  aooordance  with  that  which  prevailed  at  the  eommeneement 
of  Stage  II.,  and  when  the  extinct  Mollusca  which  are  found  in  it 
Btill  survived  from  the  time  of  the  Crag  in  the  continuation  of  the 
sea  of  which,  while  still  coiitined  to  the  eastern  side  of  England,  the 
Bridlington  and  Diiiilington  shells  liv<'d.  Had  the  I'urple  Clay  and 
the  Lower  Clay  of  the  north-west  been  followed  by  the  submergence, 
the  gravels  whish  tiben  aoeomnlated  up  to  1200  feet  i&  Lanoaduie, 
and  1350  in  North  Wales,  would  everywhere  rest  npon  it;  bnt  in 
tiie  case  of  the  Purple  Clay  there  is  no  marine  gravd  at  all  over  it, 
save  the  Hessle,  which  is  at  very  low  elevations  ;  and  in  the  case  of 
the  clay  of  Lancashire,  none,  so  far  as  I  can  learn,  at  levels  above 
that  of  Macclesfield  Cemetery,  which  is  given  by  Mr.  Darbishire  as 
60U  feet,  and  is  less  than  that  to  which  the  gravel  c  should,  by  the 
westerly  increment  of  submergence  beyond  tbe  place  of  fig.  XVII., 
rise.  As  regards  pontine  aocnmnlated  in  the  nortii-west  during 
the  sinking  of  the  land  in  Stage  II.  I  will  speak  further  on. 

As  from  the  altering  inclination  of  the  land  and  increasing  snb- 
mergence  in  the  weste  rly  direction,  the  ice,  of  whicli  the  Basement 
Clay  of  Holderness  was  the  moraine,  and  which  had  furnished  mo- 
rainic  material  to  the  sand  hi,  and  so  gave  origin  to  the  Till  of 
Cromer  {b2)f  retreated  through  the  Humber,  the  Basement  Clay 
beeame  eorered  by  the  sea  to  a  considerable  depth,  during  which 
the  Bridlington  bed  was  Isid  down  upon  it.  The  seam  at  Bimlington 
was  probably  buried  by  a  temporary  advance  <^  the  ice  and  of  its 
moraine  during  this  retreat,  and  molluscan  remains  of  the  same 
period  were  preserved  in  the  bed  of  the  sea,  whicli  had  now  ex- 
tended over  AVestrrn  Norfolk  ;  and  as  the  ice  began,  with  tbe  rise  of 
the  laud,  to  advance  in  a  ditferent  direction,  in  accordance  witli  the 
changed  inclination,  it  ploughed  off  such  of  these  deposits,  corre- 
sponding in  age  with  the  Dimlington  and  Bridlington  beds,  as  lay 
in  its  path,  and  their  debris,  carried  away  by  currents,  was  imbedded 
again  in  the  g^vel  c  in  the  way  described  in  Stage  III. ;  and  thus 
it  is  that  we  get  in  the  seam  x  in  fig.  XIII.,  the  peculiar  shell  of 
Bridlington,  Venus  Jhiduosti,  and  those  other  shells  of  that  place 
which,  before  the  culmination  of  subnicrgeiu  e,  had  become  extinct, 
such  asilTueula  Oahholdiot  and  Tellina  obliqua.  These,  together  with 
seveial  other  Crag  species  found  in  the  seam  though  they  had 
disappeared  from  British  seas  when  the  submergence  colmiDated, 
were  yet  living  theie  in  Ihe  earlier  portion  ol  that  vezy  kog  interval 
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which  is  embraced  by  Stage  II.,  during  which  this  nudiuBoaa  fauna 
changed  to  that  found  at  Moel  Tryfacn. 

The  distribution  of  the  Chalky  (Jlay  indicates  that  the  ico  to  which 
it  was  due  came  along  the  wostorn  side  of  the  Wold  only ;  for,  after 
GTOflsing  the  Wash,  it  oTorwhdmed  so  much  only  of  ishind  No.  1  as 
lay  in  the  direction  of  this  path.  Had  this  ice  deeoended  the  eastern 
side  of  the  Wold,  it  would,  we  may  infer,  have  overwhelmed  all  that 
part  of  ishm'l  \o.  I  which  occupies  Sheet  (58  ;  l)ut  this  the  ice  has,  so 
far  as  it  lay  outside  the  track  along  the  west  of  the  Wold,  avoided. 
That  such  was  the  case  is  rendered  more  |)rohal)le  also  by  the  fact 
that  all  the  chalk  degraded  from  the  Lincolnshire  \\o\d  ha^i  been  swept 
westwards  into  the  depression  of  central  Lincolnshire,  while  no  trace 
of  the  Ohalky  Clay  appears  on  its  eastern  side.  The  escape  of  the 
Basement  Clay  of  HoldemesB  from  destruction  by  ice  of  the  Purple 
Clay,  I  attribute  to  this  ico  having,  where  the  Ikisement-clay  occurs, 
terminated  in  the  sea,  and  being  thin  there,  so  that  the  buoyancy 
of  the  water  prevented  that  destruction  which  the  ice  of  the  Chalky 
Clay,  where  it  eventually  collected  in  very  thick  mass  within  the 
broken  line  of  Map  No.  1,  has  caused. 

As  by  (hns  dissociating  ^  Basement  Clay  of  Holdemess  from  the 
Chalky  Clay  we  lose  the  test  of  superposition,  it  becomes  neoeasary 
to  examine  how  far,  or  whether  at  all,  this  Purple  Clay  may  be  a  se- 
parate formation  from  the  Chalky.  Among  the  reasons  for  regarding 
them  as  distinct  are  the  following: — 

(1)  The  Purple  Clay  at  elevations  below  100  feet  contains,  in  its 
lower  part  at  least,  lenticular  beds  of  gravel  and  sand,  the  Chalky 
Clay  being  destitute  of  any  thing  of  the  kind.  *This  featnre,  how> 
ever,  I  can  only  assert  positively  of  that  arm  of  the  formation  which 
lies  east  of  the  Wold  and  Eastern  Moorlands. 

(2)  The  constitution  of  the  two  clays  differs,  the  Puqjle  Clay  being 
crowded  with  small  subangular  dt'bris  of  various  hard  rocks  (j)rin- 
cipally  from  the  Etistijru  Moorlands),  while  angular  debris,  other 
than  flint,  is  very  rare  in,  and,  indeed,  in  most  parts  quite  absent 
from,  the  Ohalky  Clay. 

(3)  The  presence  in  the  Pnrple  Clay  of  the  shap-blocks,  which, 
from  a  late  communication  *,  appear  to  occur  at  the  base  as  well  as 
in  the  upper  part  of  it.  Tliese  blocks  seem  to  occur  very  nearly  as 
far  as  this  clay  extends,  but  no  further,  the  southennost  known 
being  one  in  the  west  centre  of  Sheet  87,  which  is  mentioned  in  the 
Geological-Survey  memoir  for  that  sheet.  They  are  wholly  unknown 
from  the  Chalky  day  and  fh>m  the  area  cocnpied  by  it. 

The  position  of  tiie  Pnrple  Chiy  is  as  follows : — ^It  first  shows 
itself  above  the  sea-level  in  the  small  and  low  cliff  of  Cloethorpes 
(in  the  south  of  Sheet  S5) ;  and  the  excavations  for  the  Grimsby 
Ducks,  close  at  hand,  ]>roved  it  to  descend  there  to  a  dei)th  of  102 
feet  below  high-water  mark,  and  to  rest  on  tlu^  chalk  direct,  except 
in  places  where  it  had  a  few  feet  of  chalky  gravel  beneath  it. 
Northwards  from  this  it  fbrms  the  CQntinnous  coast-section  of  South 
Yorkafaixe  (in  Sheets  86  and  94),  and  there  rests  on  the  Basement 
*  Lsmplught  0«oL  Msg.  for  Sopt.  1879,  p.  308. 
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day  already  referred  to,  wherever  this  rises  aboTe  the  beach.  Its 
elevation  in  thia  part  does  not  ezeeed  100  t&eL  On  fhe  line  dxvidiug 
Sheeta  94  and  95,  homever,  it  anddenly  riaea  vith  the  chalk  and 
covers  that  point  of  the  Wold  which  projects  to  form  Hamboroiigh 

Head,  and  near  this  it  envelops  the  crest  of  the  escarpment  at  an 
elevation  of  400  feet.    It  is  here  confined  to  a  narrow  strip  of  land 
skirting  the  coast,  which  varies  from  half  a  mile  to  three  miles  in 
breadth  *  ;  but  to  the  south,  in  ISheets  U4  and  b5,  it  spreads  out  over 
the  lower  ground  so  as  to  reach  Hull,  in  excavating  the  docka  of 
which  town  it  waa  found  to  deeoend  to  70  feet  bebw  the  fleap-ani&ce, 
and  to  r^t  at  that  depth  on  gravel,  as  in  BOiee  places  it  did  at 
Grimsby;  but  between  Hull  and  Hessle,  a  space  of  foar  miles,  it 
disappears,  and  as  the  chalk  rises  at  the  latter  i)Iace,  the  Hessle  sand 
and  clay  (which  overlay  the  Purple  Clay  in  tlie  dock-excavationH)  only 
are  present.    Its  western  edge  is  mostly  overlapped  and  concealed 
by  the  Hessle  Clay,  resting  against  the  eastern  slope  of  the  Wold. 
Am  the  nanow  ooaat-atrip  which  envelope  the  Wold  eBcarpment 
it  eztenda  continnously  northwarda  along  the  ooast^  lying  irregularly 
on  (he  ilopea,  and  filling  old  valleys  and  hollows  of  the  Jurassic 
rocks,  and  so  enters  the  valley  of  the  Tees  on  the  borders  of  Sheets 
103  and  104,  up  which  valley  it  extends,  skirting  the  northern 
slope  of  the  easteni  moorlands,  and  covering  it  up  to  elevations  of 
about  400  feet,    rilling  the  Tees  valley,  it  passes  over  the  watershed 
between  that  valley  and  the  deprearion  of  central  Yorkshire,  which 
18  Gained  by  the  many  rivers  which  converge  to  the  Hnmber,  and 
which  depression  it  occupies  asfisr  flonth  as  the  low  grounds  skirting 
ihe  Hnmber  in  the  north-east  corner  of  Sheet  87,  beneath  which  it 
disappears,  but  shows  itself  again  in  the  north-east  of  Sheet  S2  ; 
in  the  cuttings  })(.  iwecn  Bawtry  and  Kotford  clay  like  it  overlies  sand 
and  gravel.    Throughout  Sheets  bo,      and  1)4  it  is  i)urple  in  colour 
towards  its  base,  where  it  contains  a  moderate  proportion  of  rolled 
chalk,  but  ia  fur  more  copiously  charged  with  small  angnlar  and 
subangolar  rock-fragmenta;  and  it  gradually  parts  with  the  chalk 
debris  upwards,  becoming,  as  it  does  ao,  more  of  a  red  colour;  and 
it  does  precisely  the  same  thing  in  a  horizontal  direction  as  it  rises 
over  the  Wold  along  the  coast-belt,  the  clay  enveloping  the  Wold 
and  its  scarp  being  similar  to  that  which  forms  the  uppermost  portion 
only  of  the  clay  in  the  lower  grounds  of  Sheets  04  and  95.    In  the 
boned  ravinec  of  the  dialk  Interiected  bv  the  diif  about  Flam* 
borough£tead  it  is  underlain  by  day  of  a  bladdth  colour,  which,  again, 
ia  lT«lflfflfflliif**  by  (and  sometimes  interbedded  with)  beds  of  chalky 
sand  and  of  gravel,  and  by  beds  of  rolled  chalk  only,  all  of  which 
seem  to  be  of  the  age  of  the  Holderness  iiasement  Clay.    At  Dim- 

•  Mr.  Rome  and  I  niontii  ihhI  the  occurrcncp  of  some  very  small  patches  of 
on  the  higher  parta  ol  Uxe  \\  old  near  the  dividing-line  of  Sheets  913  and  tfi, 
we  referred  them  to  the  Parple  Clay.  One  of  these,  at  Huggate,  was  after- 
Warde,  with  the  object  of  seeing  if  it  contaiMed  shells,  e\CHv:ttt>d  undrr  tlie 
direction  of  Sir  Chariee  Lyell.  The  clay  waa  full  of  chalk,  but  no  molluscau 
remains  oooarred  in  it  Soma  0110  pstbhei  also  oeeur  on  the  Isnoolnahire 
Wold,  and  they  all  appear  to  BM  now  to  baxsnuuuitiof  nioiauiefonneddiiihig 
Iha  aoBamabtMa  of  og. 
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liugton  and  thoso  other  parte  of  the  coast-section  in  Sheets  85  and 
94  where  ito  base  rises  above  the  beaoh,  it  is  underlain  by  alternate 
aheeto  of  Purple  Clay  and  of  the  blue  Basement  Glay,  both  oontaining 
rolled  chalk,  but  which  in  some  plaoes  are  separated  by  beds  of  dark 
aand;  and  just  below  these  is  the  position  (as  it  was  described  to 
me)  of  the  JJiuilin^ton  bed  of  shells.  In  the  vale  of  the  Tees,  and 
in  that  of  ('outral  Yorksliiro,  it  seems  often  to  be  made  up  of  reoon- 
structed  Lias  shale  and  clay,  dnely  laminated  in  places. 

The  posilion  which  the  Purple  Clay  thus  occupies  is  not  one  which, 
as  a  whole,  is  reconcilable  with  a  marine  deposit,  though  some  of  its 
foaturei,  nevertheless,  point  in  that  direction,  lieing  thus  dissociated 
from  the  Chalky  Clay,  but  nevertheless  overlying  the  Basement 
Clay  and  the  beds  containing  the  Diniliiit^ton  and  Bridlington 
MoUusca,  we  may  regard  it  as  either  anterior  to,  synchronous  with, 
or  posterior  to  the  Chalky  Clay. 

li  anterior,  it  would  belong  to  the  later  part  of  Stage  II.,  and 
thus  to  the  period  of  greatest  submergenee,  and  be  due  to  ice  coming 
from  the  north  (for  to  ice  coming  in  that  direction  this  day  on  ^ 
east  of  the  Wold  is  clearly  due),  after  the  ice  of  the  Basement  Clay 
had  retreated  through  the  llumber.  The  absence  of  any  marine 
conditions  in  connexion  with  it  above  the  level  of,  sav  1<X)  or  150 
feet,  however,  and  the  absence  of  any  gravel  over  it  that  could  be 
referred  to  this  period,  seem  to  render  this  supposition  untenable — 
the  only  gravel  that  overlies  it  along  the  Yorkshire  coast-section, 
except  some  mounds  on  the  edge  of  the  ohalk-escarpment  in  tiie 
south-east  of  Sheet  05  (and  whidi  appear  to  have  be^  due  to  the 
melting  there  of  the  rurple-Clay  ioe,  as  the  cannon-shot  gravels  were 
to  that  of  the  ('lialky-Clay  ice  in  West  Xurfolk)  beini;  the  Hessle, 
and  gravel  even  later  than  that,  and  these  gravels  are  ooniined  to 
levels  below  iou  feet. 

If  synchronous  with  the  Chalky  Clay,  the  part  west  of  the  Wold 
should  be  continuous  with  that  day,  though,  the  part  lying  east  of 
the  Wold  bdng  due  to  an  independent  arm  of  ice,  the  absence  of 
this  continuity  has  not  the  same  significance.  There  seems,  however, 
to  be  a  hiatus  between  this  wcstera  part  and  the  Chalky  Clay,  which 
dwindles  away  northwards  by  a  chain  of  small  patches  decreasing  in 
that  direction,  while  nothing  like  a  transitional  character  is  a.ssumed 
by  the  clays  as  they  approach  each  other.  Moreover,  while  the 
Chalky  Clay  all  over  that  part  of  its  range  which  is  nearest  to  the 
Purple  rests  on  thelfesosoic  formations  diieotly,  and  in  places  has 
the  gravel  e  over  it  up  to  the  levd  whidi  I  have  described  as  falling 
towards  the  Wash,  the  Purple  Clay  appears  to  pass  over  that  gravel 
in  the  railway-cuttings  between  Kettord  and  Hawtry,  in  Sheet  M'. 

I  ther(  tore  think  that,  thoujrh  the  eastern  nrm  of  the  Purple 
(•lay,  which  is  that  in  which  the  IShap  blocks  abound,  may  be,  and 
probably  is,  though  unconnected  with  it,  at  least  partially  coeval 
with  as  well  as  later  than  the  Chalky  Clay,  the  western  arm  is 
posterior  to  it,  and  represents  moraine  whid^  alter  the  ioe  of  the 
latter  had  disappeared  and  allowed  the  sea  to  enter  the  area  of  the 
Lower-Trent  drainage-system  up  to  the  levd  to  which  the  progrsM 
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of  the  eraCTgencc  in  tliat  part  had  by  this  time  brought  it,  came 
dowa  between  the  reiiuiue  aud  the  western  side  of  the  Wold,  an  an 
ofibefc  from  that  whieh,  crossiiig  Staiimioor,  had  promnBly  inned 
thioogh  the  Tees  valley  and  fomed  the  eaetem  aim  of  tlie  Pniple 
day.  This  western  arm  of  the  Purple-Clay  moraine  having  heen 
brought  by  ice  which  temiinatcd  in  the  sea  thjit  entered  the  Lower- 
Trent  system  as  the  ice  of  the  Chalky  Clay  deserted  this,  it  would 
at  its  seaward  extremity  rest  on  or  interniin^'le  with  the  gravel  e. 
The  eastern  arm  of  the  Purule-Clayico  terminated  in  the  sea  which 
had  covered  the  Baaement  Ulay  of  HoMemeas  from  the  time  when, 
in  oonaeqnenoe  of  the  changing  inoHnation  and  inereasing  anhmer- 
gence  dorinf^  Stage  II.,  the  land~ico  had  deserted  this  part  to 
inoe  Bcawards  along  the  west  of  the  Wold  ;  but  it  did  not,  I  think, 
come  into  existence  as  a  separate  body  of  ice,  and  reach  HoldenieaB 
nntil  after  the  Chalky  Clay  had  made  some  progress. 

By  the  continued  rise  of  the  land  during  JStage  III.  the  inter- 
ception of  the  Atlantic  vapours,  in  the  form  of  snow,  by  the  Pennine 
and  by  the  Weatmoreknd  monntaina  increaaed,  and  with  it  the 
volnme  of  the  land-ioe.  This,  flowing  from  these  mountains,  at 
length  became  more  than  could  escape  down  the  valleys  of  the  Lone 
and  Eden,  whieh  were  its  only  avenues  between  these  mountains  and 
the  Pennine,  so  tliat  it  rose  above  the  level  of  tlie  IViinine  water 
parting  at  Staiumoor  ( in  south-east  of  Sheet  102)  aud  tlowed  over  it, 
bringing  with  it  the  Shap  blocks  from  the  western  slope.  The  ico 
whi^  prodnoed  the  Chalky  Clay,  originating  wholly  on  the  Pennine 
and  flowing  sonthwiuds  between  the  Pennine  and  the  Wold,reoeiTed 
no  erratics  from  the  western  slope,  such  as  the  Shap  blocks, 
which  this  altered  flow  in  mounting  the  waterslu  d  brought  witli  it ; 
but  flowing  down  the  eastern  slope  of  the  Pennine  a.s  far  as  its 
southern  extremity,  and  extending  in  the  nortli  higher  tiian  tlie  sub- 
mergence had  done  (though  descending  to  a  lower  level  towards 
Sheet  63),  it  destroyed  the  gravels  which  daring  Stage  II.  had  been 
deposited  on  this  side.  The  increase  of  the  ice  from  the  Westmore- 
land monntains  may  alone  have  been  the  cause  of  this  transit  at 
Stainmoor ;  but  as  the  ice  of  the  Hessle  Clay,  whieh  I  shall  exa- 
mine in  the  second  part  of  this  memoir  (and  which  I  now  think  is 
as  much  the  moraine  of  land-ice  as  is  the  ChfJky  Clay,  and  not,  as  I 
at  one  time  supposed,  a  formation  due  to  coast-ice),  took  quite  a 
different  direction  from  iliat  which  the  ice  of  the  Chalky  Clay  did,  and 
sought  the  sea  nearly  in  the  pomtion  it  oconpies  at  the  pfiment  day, 
in  consequence  of  the  present  inclination  of  the  land  having  then 
been  attained,  it  is  possible  that  the  transit  may,  in  some  degree^ 
have  been  duo  to  this  recovery  having  begun  with  the  Purple  Clay. 

As  the  ice  thus  crossing  the  Pennine  issued  through  the  Tees 
valley,  it  augmented  the  tiow  which  had  gone  in  that  direction 
during  the  earlier  part  of  the  Chalky  Clay,  so  that  this  reached  the 
north-east  of  Lincolnshire,  coming  sonthwaids  with  a  westerly  in- 
clination, so  as  to  cause  it  to  hug  the  eastern  side  of  the  Chalk 
wold.  In  the  east  of  Yorkshire,  below  the  level  I  have  men- 
tioned, at  any  rate,  there  was  at  this  time  the  sea,  and  here  the 
moraiuic  material  became  modified  by  its  submarine  extrusion ;  so 
aJ.O.S.  No.144.  2]r 
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that,  besides  the  presence  of  lenticiilar  beds  of  graval  intercalated  in 

it,  its  rliaraotor  rcsomblrs  that  of  the  T/)wer  Clay  of  I^cashire 
in  coiitiiiiiinj?  KhcU-lraj^ments,  proving,  in  niy  opinion,  that  it  accu- 
muUitcd  Ix'neath  the  soa  in  sucli  a  way  a.s  to  form  its  bottom,  and 
not,  like  the  Chalky  Clay,  by  the  sliding  into  the  sea  of  a  mudbunk 
which  preceded  and  was  immediately  followed  by  the  ice.  Coming 
time  Bonth,  it  passed  over  low  ground  forming  the  trongh  between 
the  Eastern  Moorlands  and  tlie  AVold,  which  it  blocked  up  in  the  east 
by  a  thick  mass  of  the  Purple  Clay,  so  that  the  drainage  flows  from 
the  coast  west  round  the  north  and  west  of  the  Wold  into  the 
HiimhiT,  This  trough,  wh(>rf  not  tlius  blocked  up,  forms  the  Vole 
oi"  i'ickeriug,  and  the  Purple  Clay  does  not  further  enter  it;  conse- 
quently it  is  generally  overspread  with  the  gravel  that  had  formed 
uieie  nnder  water  during  the  later  pmt  of  Stage  11.  and  during  so 
much  of  Stage  III.  as  elapsed  before  it  was  blocked  up.  Where  the 
Purple  Clay  crossed  the  eastern  end  of  this  trough,  and  has  thus 
blocked  it  up,  the  Filoy  cliffs  show  it  very  distinctly  underlain  by  a 
Basement  Clay  which  is  sharply  separated  from  it,  and  which  seems 
to  bo  coeval  with  the  Basement  Clav  of  ilolderness  formed  early  in 
Btage  II. ;  but  whether  this  extends  westwards  through  the  Pickering 
trough  under  the  gravel,  I  do  not  know.  Having  crossed  this  part 
while  it  was  bellow  the  sea-level,  and  so  not  destroyed  the  Basement 
Clay  for  the  reasons  I  have  assigned  for  the  similar  escape  of  the 
lliscnicnt  Clay  of  lloldornos«5,  it  mounted  thcAVold  scarp  subaerially 
for  the  narrow  space  in  which  this  is  covered  by  the  clay  (and  l>e- 
yond  it  to  the  eastward,  where  the  sea  is  now),  and,  descending 
again,  covered  the  low  ground  of  Ilolderness  that  was  still  submerged, 
forming  the  sea-bottom  with  its  moraine.  It  was  the  mountain  mass 
of  the  Eastern  Moorlands  which,  so  soon  as  the  decay  of  the  ice  of  the 
Chalky  Clay  gave  room  for  it,  or,  more  strictly  perhaps,  while  this 
ice  still  suhsisti'd  in  the  north,  parted  the  stream  coming  over  Stain- 
moor,  and  caused  that  brancli  to  off  to  which  the  clay  between 
the  Pennine  and  the  Yorkshire  Wold,  which  ranges  through  Sheets 
OG,  03,  and  b7  into  the  north  of  82,  was  duo. 

It  seems  at  first  glance  i)arsdoxical  to  mppose,  as  I  do,  that  the 
absence  of  these  gravels  on  the  Eastern  Pennine  slope  in  Sheets  82 
and  8G  should  be  due  to  the  Chalky-Clay  ice  having  passed  along 
there,  while  the  proscnco  of  drift  on  the  same  slope  io  the  north  of 
this  should  be  duo  to  the  passing  over  that  jwrtion  of  the  ice  of  the 
Purple  ('lay  ;  but  it  must  be  remembered  that,  by  being  fed  from 
the  western  slope,  this  latter  brought  much  debris  to  the  eastern ; 
whereas  the  former,  having  its  source  on  the  watershed  only,  could 
onlycoUect  fh>m  the  first  slope  it  passed  down,  and  carry  this  to 
more  distant  parts ;  just  as  we  see,  by  the  great  vacant  space 
which  is  shown  in  Map  No.  1  to  exist  in  the  Tui  lst  of  the  Chslky- 
Clay  formation  in  Sheets  ol,  HfJ,  and  adjoining  thereto,  as  well  as  in 
the  Sh.ccts  north  and  north-west  of  70  and  S;i,  it  lias  done  even  in  the 
lower  jj^rounds.  As  the  beda  succeeding:  the  Purple  Clay  in  Ilolder- 
ness arc,  as  before  observed,  of  fluvio-marine  aspect,  and  at  Hessle 
are  underlain  by  a  ripple-marked  pan,  which  ia  again  underlain  by 
abreooia  containing  mammalian  remains,  it  is  cImt  that  these  beds 
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were  preceded  by  a  complete  emergence  of  this  part  of  England.  It 
is  therefore  probable  that  before  the  formation  of  the  Purple  Clay 
ceased  it  became  iu  lloldomeris  altogether  of  torrostrialaccumuiutiun*, 
and  that  the  upper  portion  of  it  possesses  the  ohaikless  character, 
beoaiue  ttud  Wold  to  the  north  had^  befoio  the  aoonmiilatum  of  this 
later  part,  become  coyerad  with,  and  protected  from  degradation  by, 
a  cu&on  of  moraine  which  is  itself  i*Vllr^*>w  by  having  oome  finmi 
the  area  north  of  the  Wold. 

Although  from  the  destruction,  denudation,  and  disturbance  which 
it  has  undergone,  and  its  conso(jueut  connexion  with  the  cjise  to  1)6 
presented  in  the  second  part  of  this  memoir,  i  delcr  all  description 
of  the  grayel  ahovn  in  figure  YI.  by  the  letter  /  to  that  part,  yet  it 
appears  to  me  that  as  the  rise  bad  prooueded  to  the  extent  oif  some 
70  feet  only  from  the  disappearance  of  the  Chal^-day  ice  when  this 
gravel  began  to  emerge,  and  the  phenomena  connected  with  the 
recovery  from  the  westerly  depression  iu  the  Thames  valley  do  not 
becomo  conspicuous  until  after  this,  the  gravel  /  is  most  probably 
synchronous  with  liiis  latest  and  cliaikiess  part  of  the  Turple  Clay, 
sod  so  of  Glacial  age. 

I  have  not  attempted  to  show  on  Map  1  the  Lower  Bonlder-olay 
of  the  North- west.  Lying  west  of  the  Pennine,  that  day  does  not 
appear  to  reach  further  south  than  Sheet  81,  though  it  stretches 
westwards  from  tliat  sheet  into  North  Wales.  This  fomation,  as  it 
contains,  like  the  I'urple  Clay,  the  shells  and  shell- fiagnients  of 
marine  Moliusca  mixed  up  with  it,  has,  1  consider,  had  its  origin  by 
submarine  extrusion,  in  a  siniilar  way ;  but  the  species  to  wliich  these 
remains  in  the  North-west  belong  are  all  of  the  Moel-IVjrfaen 
tg^t;  and  of  the  two  extinct  and  one  North-American  species  of 
Bridlington  not  a  trace  has  been  detected.  Seeing  that  at  the 
commencement  of  Stage  II.  the  sea  was  confined  to  the  east,  and 
that  neither  the  centre  nor  the  west  of  England  had  become  sub- 
merged, it  is  entirely  consistent  with  the  case  which  i  have  been 
presenting  that  these  should  bo  absent ;  and  the  only  question  to 
my  mind  besetting  this  part  of  the  case  is  how  fax  tlus  day  of  the 
North>west,  except  any  part  of  it  which  may  be  terrestrial^,  is  syn- 
chronous with  the  Chalky  or  with  the  latest  bed  of  Stage  II.,  b  J. 

When  we  see  how  all  the  earlier  formed  Chalky  (Jiay  and  all 
beds  of  Stage  11.  wliich  lay  in  the  path  of  the  ice  have  been 
destroyed,  and  reconstructed  as  new  moraine,  and  carried  outward  in 

*  I  do  not,  however,  rcf^ard  the  patclios  of  mud  with  freshwater  ehells 
doscriboU  by  Mr.  LamplugU  m  U«ol.  Mug.  fur  ijepu>mber,  187U,  as  uccurrine 
in  the  lower  part  of  toe  Purple  Clay  at  Bridlington  as  in  any  way  connected 
with  laud  conditiDiis  where  lhe»e  occur.    They  ai  o,  in  my  opinion,  of  Muiilur 
origin  to  thi-  putcbi-d  m  t!ic  pohhly  sands  of  the  CromiT  t'hirun  wliioli  Mr. 
£«}id  has  fuuuded  a  dni.snjn  ol  ih  »..e  Muiuld  ;  th  iL  is  to  say,  tiiey  uco  scriips  of 
freshwater  deposits  brought  by  itv  irom  other  loc^iUtiee)  juat  as  vtm  tho  sheet 
of  pt'ut  which  ill  Stage  11.  I  t'ouud  inturbcdded  iu  6^  at  Cromer ;  and  tho  way 
which  Mr.  Lampiugii  desoriU-d  these  as  tilled,  out  up  iuto  shredd,  and 
separated  ^eom  each  other  by  t  hiok  walle  cf  Bouldsr^lay  oontaining  mariiM 
ahells,  one  of  them  being,  be  bbierT€i^**to  oU  tiUaiia  and  jmrp09e$  a  iouldw 
iise{f,"  clearly  shows  this. 

t  For  list  see  Beade  in  Quark  Joora.  QaoL  Soo.  toL  xxx.  p.  27 ;  Shone  iu  vol. 
iiiiT.p.134  }  AstowhidhMep.47aaiidbed6ol  fig.  XVILp.490. 
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the  direction  of  the  sea  at  the  time,  we  can  hardly  doubt  that  Bomc- 
tiiing  similar  most  have  taken  phuie  with  any  morainic  clay  which 
formed  on  the  west  of  the  Pennine,  unless  the  deeper-water  conditions 
there  prevuiliiiR  checked  the  process.  The  Ix)wer  Clay  there,  being 
apparently  an  miinterrupted  formation,  must  also  represent  the  Puride 
Clay  of  Yorkshire,  quite  as  much  as  it  does  the  Chalky  Clay.  From  the 
drcnmstaooe  of  the  sea  of  the  period  towards  which  tiie  Chalky-Clay 
moraine  moved  having  lain  over  the  centre  and  south  of  England, 
this  moraine  now  lies  over  the  Eastern  and  North  Midland  counties ; 
but  it  seems  to  mo  thai  the  contemp(MraneouB  moraine  of  the  North- 
west, or  most  of  it,  must  have  been  carried  out  so  as  now  to  lio  in  the 
St.  Georpje's  Channel  and  that  the  Ix)wcr  Clay  of  Cumberland,  Lanca- 
shire, and  Cheshire  with  shells  corresponds  with  thatpart  of  the  Purple 
day  which  lies  in  Sheets  87,  93,  96,  and  99  rather  than  with  the 
Chuhy  Cky.  So  far  as  I  have  heen  able  to  gather  the  facts,  this  day 
does  not  underlie  the  gravel  at  highest  elevations  which  contains 
shells,  such  as  the  patch  near  the  "  Setter  Doir,"  Macclesfield  ;  and 
it  appears  to  me  that  these  elevated  patches  are  those  which  have 
escaped  destruction  by  the  ice,  from  this  during  its  advance  not 
having  reached  them.  This,  it  seems  to  me,  may  have  been  due 
to  tlie  trend  of  the  sonlliem  eztremifyof  the  Pennine  heing  easterly, 
while  the  inolination  of  England  was  westerly,  and  on  &  wetUm 
side  northerly  also ;  so  that  a  westerly  and  north-westerly  motion  of 
the  ice  giving  rise  to  this  clay  prevailed,  thus  causing  it,  after 
leaving:  its  chief  gathering-ground  in  the  Westmoreland  mountains, 
to  pass  llu'  southcni  extremity  of  tlio  Pennine  at  levels  Iteltw  those 
up  to  which  the  sea  depositing  the  gravels  of  Stage  11.  had  reached ; 
for  the  podtion  of  the  Oudky  Clay  skirting  Chamwood  Forest  in 
Sheet  63  shows  that  even  on  the  east  of  the  Pennine  the  ice  as  it  got 
southwards  reached  no  great  height.  Wherever,  then,  the  ice  went 
the  gravels  anterior  to  it  not  saved  by  the  mud-])ank  were  destroyed; 
and  hence  such  gravels  as  do  occur  in  the  north-west  over  the  clay 
are  altogether  later  than  those  at  extreme  elevations,  and  separated  in 
age  from  them  by  the  time  involved  in  the  accumulation  ot  that  clay. 

The  highest  point  to  which  I  have  met  with  notices  of  gravel  con- 
taining sheUs  resting  on  this  day  is  at  Hacdesfield  Cemetery,  which  is 
stated  to  be  600  feet  Ix  low  the  patch  with  shells  at  the  Setter  Doglbm 
mentioned  in  Stage  XL*  This  is  later  than  that(€)  which  1  have  traced 
a«t  occurring  over  the  Chalky  Clay  along  the  issue  of  that  clay  to  the  sea 
for  the  following  reasons,  viz.: — The  line  of  gravel  e  I  have  traced 
as  marking  a  rise  of  about  300  feet,  which  had  taken  place  between 
the  time  when  the  gravels  formed  at  the  culmination  of  submergence 
were  deposited  and  that  when,  the  ice  of  the  Chalky  Clay  began  to 
disappear ;  but  the  difference  in  elevation  hetween  these  two  beds  of 
gravel  at  Macclesfield  is  much  more  tlian  this.  Since,  however,  the 
Lower  Clay  of  the  north-west  on  which  the  least  elevated  of  these 
beds  rests  rej)rescuts  the  Purple  Clay  also,  during  tlie  formation  of 
the  later  jwrtion  of  which  1  have  just  endeavoured  to  show  East 
Yorkshire  completely  emerged,  this  additional  difTcrcnce  represents 
the  farther  emergence  during  the  time  in  which  the  Purple  Clay 
*  DHlwhiTC^  in  OeoL  Mag.  vd.  ii.  pp.  41  and  282. 
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aeomnnlated.  This  accumulation  having  been  put  an  end  to  only  by 
the  passiiig  away  of  the  Glacial  period  (for  with  these  clays  do  I 
define  the  close  of  the  (jlacial  period,  referring;  the  ice-extension  of 
the  Hosslo  Clay  to  a  brief  return  of  extreme  cold  during  the  Post- 
glaciiil),  the  sea  deposited  gravel  over  the  clay  which  the  ice  had 
deserted  up  to  that  level  to  which  the  emergence  at  this  time  had 
redaeed  it.  The  oemeteiy  sand  and  gravel  ia  therefore  synchronous 
with  the  gravel/,  which  I  have  already  described  as  synchronous 
with  the  latest  part  of  the  Purple  Clay  rather  than  with  e ;  and 
where  at  lower  elevations  it  is  overlain  by  the  Upper  Clay  of  the 
north-west,  so  as  to  become  the  Middle  tSand,  it  is  synchronous  with 
beds  still  later.  Jb'rom  Cheshire,  where  the  Lower  Clay  of  the  north- 
west is  thus  overlain,  to  the  edge  of  the  Chalky  Clay  in  Sheet  62 
iheie  is  a  large  interval  where  sand  and  gravd  only  ocenr ;  and 
here,  from  there  having  heen  no  intrusion  of  moraine,  the  sand  and 
gravel  series  is  uninterrupted,  just  as  it  is  in  the  southern  ])nrt  of 
fig.  VI.,  in  the  eastern  part  of  fig.  VII.,  in  the  Surrey  and  Hamp- 
shire areas  illustrated  l)y  fi^^s.  III.  &  V.,  and  in  the  Chiltem, 
Marlborough,  and  Cottoswold  districts. 

As  I  shall  describe  iu  the  second  part  of  this  memoir,  marine  con- 
ditkms  prevailod  nnintermptedly  on  the  western  side  of  the  Pennine 
until  the  Upper  Clay  of  that  region  emerged ;  for  in  this  clay,  at  low 
levels,  marine  shells  occur,  and  no  denudation  of  the  Lower  Clay 
into  the  form  of  hill  and  valley  therefore  took  place  in  the  interim, 
such  as  occurred  between  the  Purple  Clay  and  the  Ilessle  beds  in 
Holderness;  in  conso<jueiice  of  which  the  Middle  Sand  and  L  pper 
liouldcr-clay  rest  upon  the  Lower  in  such  a  way  in  the  north-west 
as  make  tiie  two  elays  difficult  of  distinction  there.  Tfads  feature 
has  induced  some  geologists  to  insist  that  there  n  no  distinction 
between  the  Upper  and  Lower  Oay  of  Lancashire,  and  that  they  and 
the  Middle  Sands  of  that  rt  giiin  are  all  one  formation,  as  in  the  sense 
I  have  mentioned  of  uniiit(  iTU])ted  marine  conditions  being  main- 
tained they  are.  On  the  east  side  of  the  Pennine,  in  lloldtTness  at 
least,  this  is  different,  for  the  licsslo  sand  and  gravel,  which  is  the 
equivalent  of  the  middle  sand  of  Lancashire,  is,  where  fossiliferous 
a.\  all,  fluvio-marine,  and  rests  at  Hessle  on  a  land-sur&oe ;  and  it 
occupies  along  the  coast-s(  ction  valleys  eroded  in  the  Purple  day, 
which  sometimes,  as  at  Dimlington,  are  cut  quit«  through  this  and 
down  into  the  Basement  Clay  beneath  it,  while  the  Hessle  Clay,  which 
overlies  this  and  is  coeval  with  the  t  pper  Clay  of  the  north-west,  has 
yielded  no  trace  of  sheUs. 

Thus,  so  far  as  I  have  been  able  to  trace  them,  the  whole  train  uf 
facts,  perplexing  as  they  have  long  been  to  me,  now  appear  to  me 
harmonious.  As  regards  the  phenomena  presented  by  Wales,  I 
know  too  little  of  them  to  say  more  than  this,  vi£.  that  the  gravels 
at  high  elevations  accumulated  there  during  the  culmination  of 
Stage  II.,  of  which  the  patch  at  KJoU  feet  on  ^foel  Tryfacn  is  a 
remnant,  appear  to  me  to  have  been  mostly  destroyed  by  the  ice 
which  during  the  rise  increased  over  Snowdon,  as  it  did  on  the 
Pennine  and  Westmoreland  mountains;  hut  Snowdonheingan  isolated 
mountain  mass  and  not  flanked,  as  are  the  Westmoreland  mountains. 
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by  the  continuous  rampart  of  the  Pennine,  no  8odi  aficnmulation  of 
ioe  took  place  there  as  that  which,  meeting  with  resistaaoe  in  iti 
eeoape  down  the  valley  of  the  YaIcu  and  the  Lime,  mounted  the 
Pennine  watershed  at  Stainmoor.  Hence  the  ice  which  resulted  from 
the  snows  which  Snowdon  int-ercepted,  passing  more  freely  down  it 
and  through  the  valleys  which  furrow  its  side«,  avoided  some  of  those 
Hhoiilders  of  the  mountain  mass  on  which  these  gravels  had  accu- 
mulatedf  such  as  Moel  Trj'faen,  and  there,  and  there  only,  arc  they 
pvesemd. 

Qnironghont  the  long  period  which  is  emhraced  in  this  part  of  my 
memoir,  nothing  prasonts  itself  which  to  my  appfehension  indicates 
any  oscillation  of  climate  whatever.    The  increase  of  cold  from  tlie 
Commencement  ot'  the  Red  Crjig  to  the  advance  of  the  ice  into  the 
sea  of  that  Crag  extended  as  I  have  shown  it  at  the  outset  of  »Stage 
II.,  aud  before  the  chauge  in  incliuatioa  and  consequent  submerg- 
ence of  all  England  took  place,  appears  to  have  been  nniuterrapted, 
while  its  recession  from  that  position  was  merely  the  consequence 
of  that  change  of  inclination  and  groat  submergence.    As  to  the 
epoch  when  the  maximum  of  cold  was  attained,  this,  for  aught  I 
cau  see  to  the  contrary,  may  have  been  attitiiu  d  during  the  forma- 
tion of  the  Cromer  Till  and  remained  unaltered  up  to  the  close  of  the 
Chalky  Clay,  decreasing  thence  io  the  close  of  the  Ulacial  period ; 
and  we  must  not  confound  the  maximum  of  glaciation  with  the 
maximnm  of  cold.   The  shrinkage  of  the  ice  of  the  Chalky  Clay 
does  at  first  sight  seem  to  indicate  the  intercalation  of  a  warmer 
climate ;  but  on  examination  such  an  explanation  seems  unneces- 
sary.    It  occurred  to  me  that  this  shrinkage  might  have  been  due 
to  the  transit  ot  the  ice  over  the  Pennine  waterslied  at  Stainmoor, 
which  80  far  interfeied  with  the  ice  of  the  Chalky  Clay  as  to  cause 
this  to  diminish,  and  thus  give  rise  to  the  phenomena  which  I  have 
described  in  that  respect ;  but  on  reflection  I  do  not  see  that  this 
could  have  boeu  the  case;  and  the  shrinkage  must,  I  think,  have 
been  duo  to  a  different  cause.    As  the  shrinkage  began  iu  East 
An.irlia  when  some  Sy  feet  of  the  total  rise  which  took  place  during 
the  accumulation  of  the  Chalky  Clay  remaiiied  to  bo  accomplished,  it 
was  probably  duo  to  the  etl'uct  which  emergence  produced  on  this 
shallowest  part    the  submerged  area,  by  pushing  the  North  Sea  so 
much  further  off;  for  where  the  sea  was  deeper,  and  so  remained  in 
greater  contiguity  to  the  Pennine  throughout  the  Chalky  Clay,  as  was 
tiie  case  in  Sheets  5:{,  (>2,  and  Gli,  the  shrinkage  appears,  from  the 
Goincidence  in  level  between  the  gravels  randf,  not  to  have  occurred 
until  the  close  of  the  formation.  The  eventual  retreat  of  the  ice  of  tho 
Chalky  Clay  can  tlierefore,  1  think,  have  been  duo  ouly  to  a  dimi- 
nution iu  the  supply  from  amelioration  (tf  climate;  for  which 
reason  the  western  arm  of  the  ice  of  the  Purple  Clay  (which  was  a 
remnant  of  the  ice  of  the  Chalky  Clay,  reinforced  by  a  Itt  auch  from 
that  which,  crossing  Stainmoor  and  issuing  through  tho  Tees  valley, 
had  given  rise  to  the  coast-belt  of  Purple  Clay)  reached  no  further 
than  the  north  of  Sheet  S2. 

Whether  vegetation  adequate  to  the  support  of  great  Mammalia, 
whose  remains  occur  in  the  Hozne  brickearth  and  other  deposits 
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accumulated  towards  the  end  of  Stage  TIT.,  spranp:  up  on  the 
moraine  as  it  became  thua  uncovered  many  will  probably  doubt. 
In  my  viiw,  bowevcr,  this  was  the  case;  as  it  also  is  that  the 
Hippopotamus  lived  in  EurojK)  during  the  time  of  frozen  rivers 
and  tiuonghout  the  year,  the  liabits  of  the  ezistiiig  Afinoan  apeoiea 
no  more  indicating  the  habita  of  tiie  European  newer  Pliooene 
speciee  than  the  habits  of  the  ioe-bear  indicate  those  of  all  those 
other  species  of  bear  which  arc  closely  allied  to  it;  but  this, 
however,  together  with  the  evidences  ut  a  brief  thonp:h  ^roni 
recurrence  of  cold  during  the  period  embraced  within  the  second 
portion  of  this  memoir  (which  1  still  continue  to  regard  as  correctly 
defined  under  the  term  **  Poat-gladal and  which  recmrenoe 
eulminated  dnring  the  acenmnktion  of  the  graTel  <7,  and  of  its  syn- 
duonona  formationa,  the  Hessle  Clay,  the  Upper  Clay  of  the  North- 
west, and  the  marine  gravel  of  the  Sussex  low  levela  with  hlooka  of 
hjperathene  rook,  I  ahail  examine  in  that  portion. 

NozB  AB 10  Map  2  m  Plaib  XXL 

From  the  difficulty  in  ascertaining  elevatione  with  sufficient  exactness,  I  have 
probably  omitted  some  small  islands  in  the  south  of  Sheet  G3.  Of  these  one  is 
that  of  Saddiu^on,  mentioned  at  p.  510,  which  lies  iuunetliately  nortli  of  the 
udjiod  ^own  in  the  south-east  of  this  sheet :  while  others  may  be  formed  by 
the  water-partings  between  the  tribut.irios  of  the  f^oar,  and  thone  of  the  Swift 
and  Weliuud ;  but  the^-  are  of  miuuto  dimensions,  most  of  this  sheet  haviuff, 
fkom  the  westerly  increment  of  sabmergenoe,  been  sea.  The  two  small  isUmds 
in  the  south  of  Sheet  7  should  have  been  omitted.  In  the  soulli  of  Sheet  47  the 
nrw^valleys  w  ere,  at  the  stage  of  emergeuce  shown  by  the  map,  fiords,  divided 
from  cadi  othnr  by  islands  orpeninsolss  of  Lower  Tertiary  and  <%aUr,intbe  same 
way  that  the  river-valleys  of  Sheets  5t)  and  50  were  probably  fiords,  dividid  f  i  im 
eaen  other  by  peninsulas  or  islands  formed  of  the  beds  of  series  a  and  /^  nearly 
ail  now  conceulod  by  the  covering  of  rf.  In  these  fiords  the  gravel  c  accumulated  ; 
but  the  peninsulas,  in  ooosequence  of  tiie  stnallness  of  the  scale,  hu\e  not  been 
prolonged  to  their  proper  extent.  Thev  hiul  V)eeii  .-^ulmierped  during  Stage  II., 
and  some  thin  remains  of  gravel  resting  on  London  C  lay  corresponding  to  b\  or 
ibe  higher  part  ote,  occur  on  one  of  tnem  to  the  south  of  Bmintree,  where  a 
small  break  in  the  pall  of  cxp  ^^t  that  clay.  As  the  elevation  of  the  parte 
shown  in  outline  in  Sheets  02  and  (A  includes  the  Chalky  Clay,  and  this  lies 
thick  tbere,  they  were  probably  shoals  rather  than  islands  when  first  covered  by 
thd  ioe.  The  partially  destroyed  junction  of  c  with  d  at  GraflTlmui,  mentioned 
at  p.  485,  was  on  this  outline.  The  continuation  of  this  map  south  of  the 
Thames  I  have  reserved  for  the  second  part  of  this  memoir. 

DD0U88IOV. 

The  rRESiDEM  spoke  of  the  great  value  of  the  labours  of  Mr. 
Wood,  carried  on  duriug  so  mauy  years  and  with  such  indefatigable 
energy. 

Mr.  Whuaxeb  stated  that  the  paper  was  most  interesting  as  oon- 
taining  an  epitome  of  Mr.  Wood's  views.  He  thought  too  maeh 
importance  was  attached  to  the  Bod  Crag,  which  probably  k  id  o- 

sented  only  a  very  insignificant  period  of  time.  Ho  remarked  on 
the  changes  in  tlie  East-Anglian  sections  resulting  from  the  vasting- 
hack  of  the  coast.  Some  of  the  geological  suiTcyors  were  inclined 
to  regard  the  Hoxne  brick-earth  aa  older  than  the  Boulder-clay, 
while  others  oonsidered  it  younger  than  that  formation.  In  the 
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neighbourhood  of  Brandon  laminated  clay  is  found  under  Boulder- 
clay;  but  there  is  more  than  one  laminated  brick-earth  in  the 
country.  2s' o  man  in  England  had  workod  at  these  beds  more 
steadily  and  industiionaly  than  Mr.  Wood,  and  no  one  was  more 
ready  to  oommunioate  bis  aocnmulated  facta  to  otlier  geologiata. 
His  opinions  on  the  beda  in  qnestion  ware  entitled  to  the  higheat 
consideration. 

Prof.  Hu'.iri:s  <^axo  exprcs'^ion  to  tlie  general  feehnsj  of  8}Tnpathy 
in  the  Society  with  Mr.  Wood  in  his  serious  ill-health.  Ho  re- 
garded the  quartz-pebble  gravel  of  the  highest  plateau  of  East 
Anglia  as  older  than  any  of  the  BonldeiHslay  of  that  area.  He  did 
not  agree  with  Mr.  Wood  that  the  cannon*ahot  gravel  might  be 
formed  by  the  dehdchs  from  melting  ioe,  nor  did  he  think  that 
the  Moel-Tryfaen  beds  are  of  the  age  assigned  to  them  by  the 
author.  Ho  regarded  the  oscillations  of  level  in  Post-])Hocene 
times  as  being  of  a  local  character,  and  not  of  the  widespread 
kind  suggested  by  Mr.  Wood. 

Prof.  Seklet  said  that  tiie  views  of  ancient  physical  geology 
enunciated  by  Mi.  8.  Wood  were  of  very  great  interest.  He 
especially  referred  to  his  views  on  the  mode  of  exeayation  of  Talleya 
by  eatoaries  rather  than  by  the  existing  rivers  in  those  valleys. 
He  agreed  with  Prof.  Hughes  as  to  the  correlation  of  the  drifts  on 
the  east  and  west  of  England.  He  did  not  think  these  facta,  how- 
ever, affected  the  truth  of  Mr.  Searles  Wood's  views.  He  supported 
the  view  that  the  plateau-gravels  are  of  marine  origin. 

Mr.  Db  Bakcs  said  that  sands  and  gravels  at  Bladqtool  at  low 
elevations  contain  the  same  shells  as  those  at  high  levels  atMaoelea- 
field  ;  and  he  regarded  all  the  d^wsits  as  formed  on  a  subsiding 
area,  the  sands  and  gravels  creeping  up  the  hill-sides  from  the  lowest 
to  the  higher  levels.  The  sands  and  gravels  are  more  ])ersistent  at 
different  levels  than  are  either  the  Upper  or  Lower  lioulder  clav. 
He  could  not  regard  the  finely  stratified  Boulder-clay  of  Midland 
and  North-western  England  as  being  formed  in  any  way  by  land-ice. 
The  valley  of  the  Kibble  outs  its  way  right  through  all  the  glacial 
deposits,  while  valley -gravels  lie  upon  all  of  them,  aliuvium  and 
peat  lying  at  the  bottom  of  the  valley. 

Mr.  Charlksworth  spoke  of  the  great  readiness  of  the  author  to 
assist  those  working  in  the  same  field.  He  quite  agreed  with  him 
iu  his  views  concerning  the  lied  Crag. 

Mr.  JvEBa-BBOwvB  supported  Mr.  De  Bance  in  the  view  l^t  the 
Ohalky  Bonlder-day  was  not  formed  by  land-ice.  He  also  thought 
that  the  author  was  mistaken  in  supposing  that  there  was  any 
evidence  of  erosion  between  the  Lower  and  Mid  Glacial  in  the 
Cromer  section. 

Prof.  Jn»i)  expressed  his  sympathy  with  the  author  in  the  illness 
which  prevented  his  presence  at  the  Meeting.  He  thought  that 
the  existence  of  great  transported  blocks,  like  those  of  Ponton  cutting 
and  the  neighbourhood,  could  scarcely  be  accounted  for  by  any  land- 
ice  theorj-  of  the  formation  of  the  Chalky  Boulder-clay. 

The  President  also  expressed  regret  at  tlie  absence  of  the  author, 
who  had  done  such  valuable  work  in  a  most  difficult  field  of  research. 
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36.  On  the  Old  Red  Sandstoite  of  the  Nobth  of  Ireland  *.  By 
Joseph  Nolan,  Esq.,  M.R.I.A.,  of  H.M.  Geological  Survey  of 
Ireland.   (Bead  June  23, 1880.) 

(Coounimieated  hf  Piotoior  HhH,  IILJ)^  VJLA,  F.GJ3.) 

Jx  the  North  of  Irelaad  there  aze  two  diBtinot  kinds  of  rmtir,  rlfflimod 
botii  on  Griffith'8  and  PorlioQk'a  Geologioal  Mxps  as  Old  Bed  Sand- 

Btonef.  The  lower  and  lai^r  member  of  this  group  occupies  a  con- 
sidorable  area,  having  an  extent  of  about  tliirty  miles  in  length  by 
an  avera«*e  width  of  ten  miles,  from  Lough  Erne  north-eastwards  to 
Pomeroy  in  Tyrone.  It  consists  for  the  most  part  of  dark  red  and 
purple  conglomerates,  often  coarse  and  massive,  and  of  purple,  and 
Bometimea,  thongh  rarely,  greenish-grey,  pebbly  and  fine-grained 
saodatoneB,  often  micaoeona  and  in  some  cams  oakareons,  with  sandy 
shales.  The  pebbles  in  the  conglomerate,  which  vary  from  the 
smallest  size  up  to  blocks  over  a  foot  in  diameter,  consist  of  purple 
felstone,  grits,  schist,  and  quartzite.  Of  all  these  the  felstone  pebbles 
are  by  far  in  greatest  proportion,  the  rock  being  in  some  i)lace8 
almost  entirely  composed  of  them ;  and  their  source  is  unquestion- 
ably certain  tracts  of  igneous  rook  which  will  be  presently 
descrihed. 

On  the  north  and  norlli-west  these  conglomerates,  sandstones,  &o. 
aze  bounded  by  metamorphic  rocks,  from  which  they  are  separated 

by  a  fault ;  but  in  the  north-east,  near  Pomeroy,  they  rest  uncon- 
formably  upon  fossiliforous  slates  and  grita  of  Lower  Silurian  age. 
Though  the  discordance  between  these  formations  is  not  actually 
seen  in  seetion,  yet  there  can  be  no  doubt  of  its  existence,  the 
sonthem  extension  of  the  Lower  Silniian  rooks  oconpying  a  semi- 
cirenlar  area,  in  vrMch  the  strike  is  east  and  west»  while  the  red 
sandstones  that  margin  it  nn  tho  west,  south,  and  east  strike  re- 
spectively to  tho  E.  and  W.,  and  N.E.,  thus  proving  their 
deposition  around  what  appears  to  have  been  a  low-lying  cape  or 
projecting  point  of  the  ancient  Cambro-Silurian  land. 

Associated  with  these  red  sandstones  and  conglomerates  are 
several  tracts  of  igneous  rock,  which  appear  to  have  been  submarine 
lavas,  ponred  out  at  various  periods  during  the  formation  of  the  eon- 
glomerate,  the  greater  j)art  of  the  pebbles  in  which,  as  before  re- 
marked, are  evidently  derived  from  them.  They  are  basic  felstones 
of  a  purple  colour  and  in  general  an  earthy  aspect,  seldom  exhibit- 
ing any  crystalline  structure,  but  compact,  with  vesicles  in  many 
places,  and  occasionally  crystals  of  felspar  and  prisms  pf  hornblende. 
Thus  it  may  be  seen  that  tho  rock  answers  very  closely  to  Cotta's 

*  This  paper  is  publiihed  with  the  permi«ioa  of  the  Direoior-Qenenl  of 
the  Geological  Surrey. 

t  It  is  right  to  mention  that  in  a  note  on  Qriffith's  map  it  is  stated  that  the 
lower  of  these  diTisions  "  mij  posnUly  bsioQg  tO  the  Silozian  system.** 

Q.J.G.a  Noa44.  2q 
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definitaoii  of  Porphyrite— a  name  wbich,  howeyer  objectionable,  it 
may  be  well  to  employ,  as  serving  to  identify  tluB  lodk  with  othoES 

that  may  occur  under  similiir  circumstances. 

In  Bome  places  the  to])3  of  these  folstoncs  are  tiifFoid,  though  no 
■well-marked  beds  or  large  deposits  of  8uch  ejecta  occur,  this  being 
probably  due  to  the  bubaqueous  conditiouis  under  which  the  mass 
ivaa  ejeeted,  so  tfaat  fragmentaiy  aoeompaniments  would  be  drifted 
away  by  tides  and  eonents,  often  forming  depositB  in  other  places^ 
as  mentioned  by  Scrope  in  bis  work  on  Yolcanoe,  p.  247. 

Besides  these  basic  felstones  there  are  other  varieties  of  igneous 
rocks  associated  with  the  sandstones.  These  are  generally 
mehiphvres,  often  extremely  vesicular,  the  cavities  being  in  time 
filled  with  white  and  pink  calcite,  giving  the  rock  a  peculiar  spotted 
i^ipearaQoe,  wbioh  Um  persona  who  have  tramsed  the  diatxiot  east 
<j  Qmagb,  where  it  is  eztensiTely  nsed  for  road  metal,  can  hal  to 
have  noticed.  The  principal  source  of  these  is  at  Eecarson,  some 
three  miles  east  of  Omagh.  Here  every  change  in  texture  and  oolonr 
is  visible ;  at  one  part  the  rock  is  blue  and  compact,  at  another 
vesicular,  with  calcitc,  while  at  the  principal  tjuarry  it  is  mostly  of 
a  purple  colour,  and  crystalline  with  glistening  faoota  of  a  rich 
bronzo-ooloored  mineral  that  seems  to  bo  augite.  As  its  relationa 
to  the  smrronnding  rooka  are  obsonre,  it  conid  not  be  determined 
whether  it  was  contemporaneous  or  intnuATe ;  the  vesicolar  condi- 
tion of  much  of  the  rock  might  lead  us  to  iaieg  the  formeir;  yet  if 
so,  it  is  strange  that  no  fragments  of  it  occur  in  the  surrounding 
sedimentary  rocks,  as  is  the  case  in  those  overlying  the  oontemporap- 
neous  felstones. 

Besides  these  trappean  rocks  there  are  masses  of  granite  asso- 
ciated with  the  sandstones.  These,  as  I  have  already  shown  else- 
where*, are  intrusive  thronfl^  the  lowest  beds  of  this  seriea, 

Titrif)nng  the  sandstones  in  contact  and  converting  them  into 
qnartzites.  It  was  also  shown  that  the  intrusion  took  place  prior 
to  the  deposition  of  the  upi>er  red  quart  zose  conglomerate  (Lower 
Carbt)nilbrous,  so-called),  aa  in  some  places  the  basal  beds  of  that 
formation  are  almost  altogether  composed  of  its  debriSy  a  circum- 
stanee  which,  taken  in  connexion  with  others  presently  to  be  men- 
tioned, IB  a  prod  of  the  great  length  of  tiase  whioh  most  have 
elapsed  between  these  formations. 

lied  Quartzose  Conglomerates  and  Sandstones  (Lower  CarboniferouM 
so-called). — These  consist  of  conj^lomerates,  distint^uished  by  the  pre- 
valence of  white  and  pink  quartz  pebbles  in  a  reddish-brown  base, 
purple,  reddish-brown,  and  grey  sandstones  generally  micaceous, 
and  sandy  shales^  passing  upwards  into  yellow  and  white  pebbly 
sandstones  and  grits.  The  bassl  beds  are  often  very  coarse,  and  in 
many  places  so  much  resemble  those  of  the  lower  system,  that  the 
discrimination  between  them  is  often  a  matter  of  considerable  diffi- 
caltj.  Although  in  some  sections  these  rocks  rest  with  apparent 

*  See  G.  S.  Memoir  to  accompany  Shcot  31,  and  a  paper  "  On  the  Msta- 
morphio  and  Intrusife  Books  of  Tyv<»M,"  Q9qL  Ma^.  voL  vi  no.  178. 
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oonformability  upon  those  of  the  older  seri^,  yet  in  most  pkcos 
thejr  are  distmetiy,  and  often  widely  nnoonfonDiible.  I  ha,vB  enden- 
Toured  to  aeeoimt  for  this  diaooidanoe,  in  my  d6Beri|itk>n  of  the 
distriot*,  by  the  absence  of  a  considerable  thickneaa  of  rocks 

senting  the  Upper  Old  Bed  vSandstone,  the  lower  series  being  con- 
sidered to  be  Lower  Old  Ked  Sandstone,  and  the  upper  the  basal 
beds  of  the  Carboniferous  avRtem.  T  was  the  more  inclined  to  adopt 
this  view  from  the  remarkable  retiemblance  in  so  many  points  of  the 
lower  aeries  of  conglomentes  Ae.  to  tiuiae  daiaed  as  LDwer  Old 
Bed  Sandstone  in  Scotland  (a  xeaemUanee  which  PrafiBaior  Ramsay 
also  mentions  in  the  prenee  to  the  memoir  just  referred  to),  and 
from  the  similarity  of  the  quartzose  conglomerate  series  to  many 
others  in  various  parts  of  Ireland,  which,  though  formerly  considered 
to  be  Old  Ked  Sandstone,  have  for  many  years  past  been  classed  in 
the  Carboniferous  system. 

In  Seotland,  as  mentioned  in  the  wwf  aUe  monograph  on  the 
Old  Bed  Sandstooe  by  Dr.  Geikie,  disoordanoe  exists,  whieh  Sir 
B.  Mnrobison  accounted  for  by  the  absence  of  a  group  of  rocks 
representing  a  Middle  Old  Bed  Sandstone  period,  a  view  in  whieh 
Dr.  Geikie  does  not  concurf. 

Some  time  ago  Mr.  Kinahan  drew  attention  to  the  similarity  in 
geological  position  of  the  lower  conglomerates  of  Tyrone  (Pintona 
beds)  to  that  rery  remarkable  group  of  rocks  in  the  south-west  of 
Ireland  called  the  Dingle  beds,  which,  rssting  oonfoxmably  upon 
Upper  Silurian  rocks,  are  overlain  unconformaUiy  hy  conglomerates 
and  sandstones,  which  hare  always  been  regarded  as  the  true  Old 
Red  Sundstono.  The  sequence  upwards  from  the  Silurian  rocks 
could  not  Ik)  proved  in  Tyrone  but  it  became  an  imixjrtant  matter 
to  settle  definitively  if  poBsible  the  position  of  the  upi)er  conj^lo- 
merates.  If  these  were  found  to  be  identical  with  those  called  Old 
Bed  Sandstone  in  the  south  of  Ireland,  Hr.  Kinahan's  riew  must  be 
hcdd  to  he  correct  in  relegating  what  has  been  called  the  Lower  Old 
Bed  Sandstone  of  Tyrone  to  the  horizon  of  the  Dingle  beds.  Daring 
a  short  tour  which,  owing  to  the  kindness  of  Professor  Tfull,  T  was 
permitted  to  take  through  the  south  of  Ireland  last  summer,  L  had 
opportunities  of  seeing  many  sections  through  the  Old  Red  Sand- 
stone of  that  district.  At  Waterford  the  baaal  beds  of  that  forma- 
tion were  aeai  resting  almost  horizontally  on  vertical  slates  of 
Lower  Sflnrian  age,  forming  a  very  strikmg  feature  in  the  dift 
over  the  railway-station  ;  they  are  mafldve  quartaose  conglomerates 
of  a  dark  purple  to  reddish-brown  colour,  the  contained  pebbles 
being  almost  exclusively  of  white  and  pink  quartz  and  quartzite, 
perfectly  identical  with  the  upper  (the  so-called  Carboniferous)  con- 
glomerates of  Tyrone.  In  the  valley  of  the  Blackwater  at  Lismore 
tte  upper  parts  of  the  series  were  seen,  and  consist  of  massive  grey 
and  purple  sandstone,  closely  iceemhling  oertain  beds  in  the  Gar- 

♦  See  G.  S.  Memoir  just  quoted. 

t  Profcttor  HuU  bdisrst  that  the  abmit  heds  siethsllariiieDsradans 
(Lowwaad  Middle). 
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boniferous  Sandstone  "  tract  west  of  Draperstown,  Co.  Derrj' ;  these 
are  succeeded  by  purple  fine-grained  and  Bometimes  cleaved  sand- 
stooes,  tiiie  bighert  beds  being  greenish-grey  and  oliTe-oblocired  grits, 
which  are  classed  as  the  upper  part  of  the  Old  Bed  SaJidstme 
(Kiltorcan  beds),  but  for  which  I  do  not  know  any  representatives 
in  the  North  of  Ireland.  Lastly,  these  are  followed  by  a  thin  band 
of  Limestone  shale  and  Lower  Limestone,  forming'  the  maaUTe 
crags  on  which  the  castle  of  Lismore  is  romantically  situated. 

Similar  observations  were  made  at  the  (Jaltees,  and  the  western 
pvolongation  of  that  range  called  the  Ballyhouza  mountains.  In  a 
section  at  the  latter,  aomelbnr  miles  norUi  of  BntteTaat^  Go.  Cork, 
tiie  highest  beds  seen  were  reddish  to  light  purple  fine-grained  sand- 
stones and  clay  rocks,  nlternnting  with  yellowish  grit  and  shale^ 
which  are  repfinlcd  as  the  upper  part  of  the  Old  Red  Sandstone ; 
wliile  the  lower  division  consists  of  micaceous  puqile  sandstones 
and  shales  over  coarse  yellowish-whit©  and  reddish-brown  pebbly 
sandatones  and  qnartMse  conglomeratea,  of  the  same  kind,  though 
not  so  maaslTe,  as  those  in  the  basal  beds  of  the  foimation  at  Water- 
ford,  On  the  flniiks  of  the  Galtecs  near  Eilbdieny  similar  facts 
were  observed,  reddish-brown  to  purple  sandstones  and  sandy  shales 
alternating  with  quartzose  pehhle-bcds  and  conglomerates. 

On  the  whole,  therefore,  1  found  the  closest  resemblance  in  litho- 
logical  character  between  these  typical  Old  Red  k'^andstones  of  the 
south  of  Ireland  and  those  which  in  the  north  and  other  parts  of 
Ireland  have  been  called  Carboniferoos— a  point  which  is  well 
worthy  of  observation,  as  formations  perfectly  identical  thns  come 
to  be  placed  on  different  geological  horizons.  Unfortunately  no 
fossils  have  been  found  which  would  serve  for  comparison,  except  in 
the  Upper  Old  Red  Sandstone,  where  the  remarkable  freshwater 
fauna  and  plant-remains  of  Kiltorcan  occur,  which  have  been  so  well 
described  by  Mr.  Baily.  This  formation,  however,  is,  as  before 
remaiked,  not  known  in  the  North  of  Irdand. 

Taming  now  to  the  sandstone  district  which  it  is  particularly  in- 
tended to  describe  in  this  paper,  we  find  in  Tyrone,  that  the  npper 
or  qnartzose  conglomerates  (so-called  Carboniferous  sandstones)  are 
succeeded  by  the  Carboniferous  Limestone  ;  but  as  they  are  traced 
further  north  into  County  Dcrry,  a  considerable  thickness  of  sand- 
stone and  other  beds  come  in  between  them  and  the  limestone. 
These  intermediate  rocks  attain  a  great  development  at  Dungiven 
and  abont  Draperstown.  At  the  stream  called  the  'White  Water, 
in  the  latter  locality,  an  excellent  section  is  exposed.  The  under- 
lying or  "Lower  C;irl)oniferon8''  series  consistB  of  the  usual 
qunT't7-o«ie  con[rlomor.i1  <  h,  coarse  pur]>le  sandstones,  and  sandy 
shah^'j.  also  a  reniaikablc  rock  mostly  com])os('d  of  rcddish-bro\m 
and  ])ur])le  grit  ]K'})l»]es,  ap])arently  derived  from  the  Fiiitona  series, 
closely  resembling  some  of  the  basal  beds  that  overlie  the  latter 
in  the  district  sonth  of  Pomeroy,  Go.  Tyrone.  Over  these  is  the 
series  of  sandstones  referred  to ;  the  lowest  beds  are  yeUowish-grey 
and  massiTS  grits  with  pebbles,  red  to^pniplish  sandstones,  thin 
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shales,  and  quartzose  calcareous  pebbly  beds ;  higher  up  are  hard 
green  grits  and  bluish  shales,  remarkable  quarta  pebble-beds  highly 
calcareous,  dark  shales  full  of  remains  of  Modiola  MacAdami  *,  and 
tiiin  arenaoeous  limestones,  the  surfaces  of  which  are  curiously 
eat  ap  with  oroas  systems  of  joints,  apparently  dae  to  rapid  desioea- 
tion.  Higher  up  no  rocks  are  met  with  for  a  quarter  of  a  mile, 
where  what  seem  to  be  the  same  series  reappear  and  continne  to  the 
boundary  of  the  motamorphic  rocks,  from  which  thov  arc  sppnratcd 
by  a  fault.  In  the  district  to  the  cvist,  however,  there  is  sulHuient 
evidence  that  they  underlie  the  Lower  Limostone. 

All  these  rocks  are  cut  up  by  numerous  small  faults,  which, 
indeed,  seem  eharacteristio  of  this  series,  being  also  observed  at 
Altmover  Glen,  DungiTen,  and  whereTer  similar  rocks  are  exposed. 
Most  of  the  sections  in  this  neighbourhood  have  been  described  with 
coni^ider.iMo  mitiutoness  by  Qeneral  Portloek,  in  his  Getdegical 
Beport  on  Londonderry,  &c. 

In  most  loculitios  there  is  a  prevalence  of  soft  yellow  sandstone 
and  sandy  shale  with  calcareous  sandstones  and  impure  limestones, 
often  magnesian,  ofaiefly  near  the  jonotion  with  the  underlying  con^ 
glomsrates.  Fossils,  thengh  rare,  were  fonnd  in  several  jdsM^ 
the  Hass,  Dungiven,  where  there  are  plant-remains  and  also  soalea 
of  Ilnloptifchins  Portlocki^  Ag.,  and  at  another  locality  one  and  a 
half  mile  N.E.  of  this,  where  fragments  of  Culamites  were  found. 
In  Altmover  (ilen  similar  plants  occur,  with  others  which  Portloek 
doubtfully  refers  to  Pecopter'ut ;  here  also  are  shells  which  ho 
believes  to  be  Froductu  There  is  therefore  no  doubt  that  this 
aeries  of  sandstones  fto.  should  be  olaased  inth  the  Garboniferona 
system ;  and  I  think  the  whole  fiiots  of  the  case  show  that  thej 
should  be  considered  the  representatives  in  time  of  the  Coom- 
hola  grits  and  Carboniferous  slate  of  the  south  of  Ireland,  and  the 
Calciferoiis  Sandstone  of  Scotland,  which  Jukes  regarded  as  the 
equivalent  of  these  formations.  The  following  table  shows  the 
correlation  of  these  rocks  with  those  in  the  south  of  Ireland  and  in 
Scotland : — 

Ts'onTii  OP  Irelaiid.  South  op  Iselaxd.  Scotlaitd. 

5.  Lower  Limestone.  Lower  LimMtoae.  Lower  Limeatone. 

4.  Yellow,  white,  red,  and  ^ 

grey  sandftoiie,  often 

calcareous,    in  some 

places     pebblr,  with 

thin  faanos  of  impure 

liiU'stone   or  doloini'o 

and  dark  shales  with 

Mottlolm    &o.  (White 

Water    and  DungiTen 

beds.) 

*  Portloek  also  found  the  following  foasils  in  these  beds: — Posulonom^a 
09mp<M4te  (locally  abundant ),i>»^4yre«arls  Ctpfot,  2>.  orbioularU,  Cephala»pt$f 
(Ungmentof)' 


Oarboniferous  slate  tad  Oalflifaroas  flsadstwis 
Ooooihola  grill.  isriei. 
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S.  Kot  fMQglUMCL 


Upper  Old  Bed  SMid-' 
rtone  (Kiltorean 
beds). 

Old  Rod  Sandstone  of  [  Upper  Old  B«d  Suid- 


tbe  Galteei),  Water- 
ford,  fto.  "Old  Bed 


Sandstone 
(Jukee). 


proper 


stone. 


UKCONFOKMABILITT. 


DWOOHFOBMiBlfilW. 


%  Ceargeyelloir sandstone' 
and  pewle-beds,  pns^^ing 
downwards  into  pink, 
reddisb-brown,  and  pur- 
ple sandstones  and  con- 
glomeriites  full  of  white 
and  pink  quartz  pebbles.  J 

UNCONFORMAIIILITV, 

1.  Purple  micaceous  sand-  \ 
stones  and  coarse  oon-  | 

glonienites,  with  felstone  I  Bingle  beds  and  Qlen- 1  Lower  Old  Bed  Sand- 
(porphjrite)  pebbles  and  [    gariffgrita.  /  atone, 

contemporaneous  Tolca- 
nieroeka  (Fmtona  beda). ) 

Sltoitld  the  Old  Hal  ^iandstone  he  comidered  a  distinct  formation 
from  the  Carboniferous? — ^As  this  latter  formation  appears  to  be 
everywhere  conformable  to  tiie  former,  we  may  be  inclined  to  regard 
the  Old  Bed  Sandstone  rather  as  the  base  of  the  Garboniforoaa 
system  than  as  a  separate  and  distinct  one ;  yet  the  cironmstanoea 
under  which  they  were  formed  must  hare  been  very  different — the 
one  being  a  marine,  the  other  a  freshwater  deposit.  The  great  lakes 
in  which  the  Old  Red  Sandstone  seems  to  have  been  formed  pro- 
bably gave  place  gradually  to  lagoons,  and  ultimately  became 
merged  in  the  sea  wherein  the  Carboniferous  strata  were  subse- 
qoently  aocomnlated.  The  direetlon  of  the  depression  seema  to 
have  been  northwards,  for  the  greatest  mosses  of  Old  Bed  Sandstone 
occur  in  the  south,  principally  in  the  counties  of  Cork  and  Water- 
ford;  they  are  also  larij^cly  spread  around  the  Silurian  rocks  eom- 
posing  the  hills  that  extend  semicirculariy  from  the  vicinity  of 
Lough  Derg  t«  the  Slieve-Bloom  range.  Little  of  it  is  seen  on  the 
east,  the  older  rooks  there  forming  low  ground ;  to  the  west  aud 
nortii  masses  of  oonsideraUe  extent,  though  of  for  inforior  area  to 
those  in  the  south,  appear  to  hare  fringed  the  ancient  shores  of  the 
metamorphio  and  Silurian  rocks  that  make  up  the  highlands  in  these 
districts ;  while  in  the  central  parts  little  occurs,  except  where, 
through  faults  or  subsequent  folding  and  undulation  of  the  fitiata, 
portions  reappear  in  the  midst  of  the  great  limestone  plain. 

The  persistence  of  a  very  remarkable  lithological  character  is 
also  well  worthy  of  observation,  for  in  fow  plaoes  Is  the  rock  com- 
posed of  any  local  (2^6r»,  hot,  on  the  contrary,  Is  generally  totally 
different,  being  derived  from  some  source  apparently  unknown — a 
fact  which,  taken  in  connexion  with  the  wide  area  over  which  it  is 
found,  is  suggestive  of  the  original  great  extent  of  the  deposit. 
That  this  merely  represents  the  area  of  the  ancient  lakes  is  by 
no  means  probable,  but  rather  the  greater  part  of  the  floor  of  the 
Carboniferous  sea.  As  depressloiL  eontinned,  limestones  would  be 
formed  in  the  deeper  waters,  while  near  the  land  sandstones, 
shalesy  &c  woidd  be  deposited,  in  this  way  giving  rise  to  the  great 
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thicknees  of  those  rocks  which,  in  the  south  of  Ireland  particularly, 
is  interposed  between  the  quartzose  conglomerate  and  the  limestone 
proper.  Such  deposits,  too,  might  be  expected  occasionaUy  to 
Mttake  of  the  ohanetefr  of  the  ImmI  oonglomenteo,  aad  a  leamnged 
iDnn  of  theee  rocks  would  often  be'  ike  resnlt,  which  ezpilauiB  the 
oocnrrence  of  pebbly  quartzose  bods  like  those  in  the  "White  "Water 
before  referred  to,  and  which  are  almost  iirfi''4»"g»%h!iMlif  from  the 
Old  Red  Sandstone. 

In  conclusion,  I  think  it  would  he  very  desirable  to  retain  the 
term  Old  Bed  Sandstone  as  applicable  to  those  rocks  included  under 
groups  2  and  8,  comprising  all  those  above  liie  onoonfiDrmalHHty  at 
the  top  of  the  Fintona  and  Dingle  beds  up  to  the  commencement  of 
atrata  in  which  marine  forms  reappear*.  Undoubtedly  the.se  beds 
form  the  base  of  the  Carboniferoua  p^oup  ;  yet  on  account  of  their 
very  great  difference,  both  lithologically  and  palaioutologically,  I 
think  it  necessary  that  they  should  be  distinp^uished  from  them,  and 
indicated  by  a  different  symbol  and  colour  on  geological  maps.  The 
tenn  Carbonifbioiia  Sandstone^  often  given  to  portioiia  of  thb  groups 
baa  been  productive  of  much  mSrandCTstanding  and  oonfiiaion,  while 
Old  Red  Sandstone,  if  striotlj  limited  as  proposed,  would  have  a 
fixed  and  definite  application. 

*  Professor  Hull  holds  similar  views  regarding  this  classification.  See  hia 
paper  on  the  Cari9oniferou8  rooks,  Quart.  Joam.  Qeol.  Soo.,Not.  1877,  p.  616. 
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^^37^  0»  a  Sbcoih)  Pbegaicbbian  Gbottp  in  <A«  Maltekw  Hills.  By  C. 
Cauiwat,  Esq.,  D.So.,  2LA.»  f  .G.S.  (Bead  Hay  26, 1880.) 

Ihb  Herafoidflihire  Beacon,  ntnated  a  little  soath  of  the  middle  of 
the  iCalTem  range,  sends  out  towards  the  east  and  south-east 
several  buttreeees  or  spurs ;  they  occupy  an  area  of  about  one  mile 

from  north  to  south  and  half  a  mile  from  east  to  west.  In  the 
summer  of  187S  1  visited  the  Malvern  Hills  to  compare  the  rocks 
with  those  of  Shrojjshire,  and  I  was  sanj^uiiio,  from  Dr.  HoU's  de- 
scription of  this  district,  that  I  should  liud  in  it  some  equivalents  of 
tlie  younger  Pipeoambiian  group  of  that  ooonty.  In  his  TalnaUe 
ttid  thoroughly  soientiflo  memoir  on  the  MalTcm  Hills,  published  in 
file  Journal  of  this  Society  in  1865,  Dr.  Holl  describes  the  area  in 
question  as  "  occupied  by  baked  rocks  •  of  the  probable  age  of  the 
Hollybush  Sandstone  and  Black  Shales,"  the  jilteration  of  the  rocks 
being  supposed  to  bo  due  to  immense  trap-dykes — a  very  natural 
interpretation  of  the  facts  when  we  consider  the  vague  ideas  of  petro- 
logy- and  of  metanunphiim  which  prevailed  15  yean  ago.  On  my  first 
▼bit  I  had  the  advantage  of  Dr.  Holl's  gnidanoe.  I  found  that  he 
had  advanced  beyond  his  original  position,  and  was  quite  prepared  to 
consider  a  new  reading  of  the  district.  I  saw  at  a  glance  that  the 
rocks  were  quite  of  a  type  with  which  I  had  been  familiar  in  Lilies- 
hall  Hill,  the  extreme  north-easterly  summit  of  the  Salop  Precam- 
brian  chain.  The  prevailing  variety  is  a  very  compact,  flinty,  horn- 
Btone  t  (note  1,  p.  538)  of  a  grey  or  reddish-grey  colour,  undistin- 
guishaUe  from  the  rock  forming  the  craggy  boes  which  crowns  tihe 
summit  of  Lillesball  Hill  (note  3).  I  have  seen  this  rock  in  almost 
every  part  of  tlio  Malvern  nuMB,  from  near  its  junction  with  the 
gneissic  axis  to  where  the  spurs  break  down  abruptly  upon  the  Tri- 
assic  plain  to  the  east.  At  the  south-east  end,  overlooking  Castle 
Morton  Common,  is  a  greyish  felsi)athie  breccia.  The  contained 
fragments  are  similar  to  the  hornstone.  Here  and  there  the  rock  is 
less  compact,  and  closely  resembles  some  of  the  indurated  ash  of 
Lillesball  HiU.  Dr.  HoU  refers  to.**  an  unaltered  sandstone and  to 
some  black  and  green  shale,"  both  near  Little  Halvem  ;  but  I  have 
been  unable  to  detect  these  rocks,  and  they  are  obviously  quit« 
subordinate  to  the  hornstoncs.  I  could  not  satisfy  myself  as  to  the 
strike  of  the  beds ;  but  I  noticed  the  "  softer  and  less  siliceous"  band 
which  intervenes  between  the  hornstone  and  the  ridge,  so  that  it 
would  appear  as  if  the  strike  were  parallel  to  the  gneissic  axis,  and 
therefore  quite  discordant  to  the  strikes  of  the  older  series. 

That  the  newer  Freeambrian  rocks  of  Malvern  are  to  be  correlated 
with  the  younger  of  the  two  Salopian  groups,  or  with  a  part,  of  it, 
receives  support  from  the  similarity,  I  might  sJmost  say  identity,  of 

*  Dr.  HoU  gives  a  wotion  showiiig  the  pontum  <tf  the  "  baked  Tooks," 

at  p.  92. 

t  I  use  the  term  "  hornstone  "  with  hesitation.    It  seems  to  me  that  a  new 
tenn  is  waatod  for  Uwie  rooks.  They  haidJj  oomspond  to  Hillaflinta. 
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the  succession  in  the  two  areas.  In  Shropshire  undoubted  Malvern 
gneiss  and  granitoid  rock  *  lies  at  the  baae  of  the  Wrekin  volcanic 
aeriea  (of  which  the  LillflBhaJI  beds  are  a  part),  and  is  aoiiarated 
from  it  by  a  great  iateryal,  during  whieh  the  lower  gnmp  was 
metamorphoeed,  nplifted,  and  denuded,  the  worn  fragments  fonniDg 
conglomerates  in  the  younger  series.  At  Malvern  the  newer  group 
lies  against  one  flank  of  the  gneissic  axis,  and  is  clearly  separated 
from  it  by  a  great  interval  of  time,  since  it  rests  upon  the  edt/es  of 
the  older  beds.  In  {Shropshire  the  felsitic  group  is  immediately 
overlain  by  a  band  of  qnartzitef  which  b  absent  at  the  Malyems. 
Then  follow  alike  in  bofli  distiietiB  the  HoUybnah  Sandstone  and  the 
DiUyonema-shelea.  During  the  Qrdovioian  epoch  (Lower  Silurian 
of  tile  Survey)  both  areas  were  aboTO  water  and  deposits  are 
wanting.  In  tlir  May-llill  Sandstone  period,  depression  of  both 
the  Malvern  and  Wrekin  cliains  set  in :  first,  shore-deposits  (May- 
Hill  conglomerates)  fringed  the  margin  of  the  sinking  islands;  and 
finally  marine  sediments  (W'eulock  and  Ludlow)  entirely  covered  in 
the  sahmeiged  land.  In  Bermdan  timeB  reemergenoe  took  place, 
the  rismg  wedges  of  Precambrian  rock  in  both  diatriots  pushed  up  and 
sometimes  thrust  over  the  Silnrian  beds,  and  the  old  ridges  once  more 
became  dry  land.  Submergence,  more  or  less  complete,  was  again 
resumed  in  the  later  part  of  the  Carboniferous  epoch,  evidenced  in 
both  areas  by  the  comparative  absence  of  the  Carboniferous  Limcbtoue 
and  by  the  attenuation  of  the  Coal-measures  towards  the  higher 
summits  of  the  Precambrian  land. 

in  both  distriets  the  ohief  dislocations  were  also  eontempora* 
neons.  I  flist  call  attention  to  the  post-Triassie  (probably  post- 
Cretaoeous)  dislocations  which  threw  down  newer  Palaeozoic  and 
Mesozoic  strata  against  tlie  Malvern  axis  on  the  ca-st,  and  against 
the  Wrekin  axis  on  the  north-west,  while,  alike  in  both  districts, 
the  same  Cambrian  and  Silurian  deposits  were  left  Hanking  the 
respective  ridges  on  the  opposite  side.  These  post-Triassic  faults 
aetod  along  preexisting  lines  of  dislocation,  some  of  which  were 
formed  in  Ptecambrian  tames,  and  the  movements  were  simultane- 
ously renewed  at  intervals  in  both  Shropshire  and  the  Malvems. 
In  both  areas  the  volcanic  group  is  faulted  against  the  gneiss,  the 
Longmynd  +  rocks  against  the  Precambrian,  the  Hollybush  Sand- 
stone against  the  Precambrian,  the  Did i/oiwnui. fihalcs  against  the 
Hollybush  Sandstone,  and  the  Silurian  against  the  Precambrian. 

Thus  the  snocession  of  deposits,  the  history  of  the  elevations  and 
depressions,  the  oontemporaneity  of  the  main  dislocations,  and  the 
doise  lithological  resemblances  between  the  respective  groups, together 
with  the  identity  of  the  relations  between  the  older  groujts  and  the 
flanking  formations  whose  contemporaneity  is  proved  by  fossils, 
furnish  us  with  reasonablt;  evidence  of  the  correlation  of  the  Pre- 
cambrian rocks  of  Shroi)shire  with  those  of  Malvern,  and  in  parti- 

*  Quart.  ,Toum.  GpoI.  Soc.  vol.  xixv.  p.  052. 
t  Quart.  Joum.  GeoL  Soo.  voL  zxxir.  p.  754. 

}  Longmynd  iMidatones  and  grits  are  seen  south  of  tiie  Uiilvwn  ads  at 
HunfJej,  eartof  Maj  HiU. 
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Golar  of  fhe  Lfflawhall  leries  irith  the  ■'l>aked  roeks  "  of  the  Heie- 
lordahive  Betoon. 

I  may  state,  though  the  fact  is  not  of  much  value  as  eviden(»  of 
correlation,  that  the  intrusive  dolcritic  rocks  which  break  up  through 
the  Malvern  foLspathic  series  can  bo  exactly  matched  in  the  Wrekin 
and  Caradoc  chains.  I  refer  espeiially  to  a  dark  green  rock,  with 
amygdaloids  of  radiated  *  epidote,  which  is  common  at  Caor  Caradoc, 
and  to  a  ooaner  variety  of  a  lightor  oobor  iHiioh,  Ib  al>iiiidant 
fbrther  to  the  north-east. 

Professor  Bonney  (note  2)  identifies  as  possibly  an  intrusive 
quartz-fclsite  a  doubtfol-lookiog  look  associated  with  the  Malvem 
hornstone. 

The  relations  of  the  two  Precainbrian  formations  at  Malvern  at 
once  suggested  to  me  the  sequence  at  St.  David's,  and  I  shortly 
afterwafds  hinted  the  oonelatiQn  to  the  Chester  Nataral-Histoiy 
Society.  Great  oantion  must,  however,  he  used  in  eonq^rinff  saoh 
distant  groups.  I  have  long  been  disposed  to  consider  the  felspathio 
series  in  Shropshire,  or  at  least  the  lilleshaU  group,  as  representing 
the  Pebidian.  The  litholop^iral  resemblances  to  the  St. -David's 
rocks  are  very  close,  and  the  deposits  in  both  areas  are  due  to  vol- 
canic action.  If  the  LilleshaU  series  is  Pebidian,  then  the  horn- 
stones  at  the  Herefordshire  Beacon  are  Pebidian.  It  is  also  of 
importanoe  to  notice  that  these  baked  rocks"  can  hardly  be 
distinguished  in  hand-specimens  from  some  of  the  St.-DaTid'8  rooks, 
especially  those  which  occur  at  Nun's  "Well  (note  4). 

But  the  correlation  of  the  central  ridg:o  at  St.  David's  (Dimetian 
of  Hicks)  with  the  ^falvorn  axial  ridgo  is  not  so  evident.  The 
Malvern  series  is  almost  oxcliisively  ^neissic,  foliation  is  well 
marked,  and  borubleudo  abounds,  in  the  St.-Davids  axis  gneiss 
is  absent.  Having  searched  the  series  from  top  to  bottom,  witii  the 
assistance  of  Dr.  Hicks's  sections,  I  have  been  nnable  to  detect 
Bohist  of  any  kind,  the  "  quartz -schists  "  originally  described  bdng 
really  quartzitcs  and  granitoid  rocks.  On  the  other  side  we  may 
set  the  fact  that  these  p:ranitoid  rocks  are  very  similar  to  the 
"  granite  "  so  largely  developed  in  Swiuyard's  Hill,  the  Worcester- 
shire Beacon,  and  the  North  Hill.  In  the  present  state  of  oar 
knowledge  I  cannot  venture  to  express  a  mate  dcAnibe  opinion. 

ProfiBBSor  Bonnsy,  P.B.S.»  has  independently  observed  the  Pebi- 
dian rooks  of  Mahem,  and  he  permits  me  to  say  that  ho  agrees 
with  me  in  my  general  conclusion  as  to  their  age.  The  following 
microscopic  notes  are  kindly  furnished  by  him  : — 

**  (1)  Jlie  j^revailing  type  at  the  Herefordshire  Beacon. — A  rock 
of  sedimentar}'  origin.  A  ground-mass  of  very  finely  granular  aspect, 
composed  of  earthy  matter  thickly  interspersed  with  extremely 
minnte  mioroliths,  probably  of  felspar,  through  which  are  scattered 
a  few  rather  larger  fragmenta  of  felspar,  or  quartz,  or  both ;  some 
minnte  epidote  is  also  present.  The  speoimen  belongs  to  a  type 

*  This  is  probnbly  the  "  actinolito "  of  Murchison  (' Siliin%' 1867,  p.  65, 
uote).   I  am  indebted  to  Mr.  Allportfor  the  ideatlGosUon. 
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common  among  indurated  rather  flinty  Blates  with  little  cleavage. 
There  are  some  smaller  infltratipn-veiiiB  oi'  quartz  (?). 

**■  (2)  Eatt  cf  ihe  StnfordMre  BMMn.-— Belongs  to  .a  group  of 
rooks. aboat  wHoh  it  is  diAenlt  to  be  eertain.  The  groond-mass  is 
nunutely  oyptocrystalline,  with  aiiiaU  grains  of  epidote  in  cracks 
and  irregular  clusters,  and  with  numerous  scattered  grains  of  quartz 
and  felspar;  these  are  generally  rather  ragged  at  the  edge  and 
irregular  in  form.  Here  and  there  patches  of  the  ground-mass  are 
more  coarsely  crystalline.  The  rock  in  some  respects  resembles 
eertain  *  porphyroids/  examples  of  whioh  oooor  at  High  Sharpley, 
Ghamwood  Forest ;  but  on  the  whole  I  think  it  rather  more  like  a 
true  quartz-felsite,  and  very  likely  an  intnisive  rock. 

"(3)  Lilleshall  Hill  (quarry  on  S.W.  side,  on  or  near  the 
strike  of  the  summit  beds). — One  of  the  indurated  slate  or  Hiille- 
flinta  group ;  consists  apparently  of  minute  granules  and  perhaps 
microUths  of  felspar  and  fibres  of  a  pale  greenish  chloritic  mineral 
(showing  bright  edonrs  with  crossing  Kicols)  with  a  somewhat 
parallel  arrangement ;  epadte  and  ftnite  are  scattered^here  and  there 
about  the  slide.  The  stmotore  is  not  nnlike  that  of  some  of  the 
flinty  slates  of  Chamwood. 

"  (4)  Nuns  Well,  ISt.  David's. — One  of  tho  same  group,  but 
perhaps  a  little  more  altered.  The  rocks  seem  to  be  full  of  excep- 
tionally small  microliths  (some,  however,  may  be  fine  fragments)  of 
quartz,  felspar,  and  perhaps  epidote." 

DiSCXTSSIOV. 

Dr.  Bjois  quite  agreed  with  the  author  in  his  oondtisions  as  to 

the  P'  ln'rlinn  age  of  the  Ix  ds  in  question. 

Mr.  Kkkping  said  that  he  had  been  much  struck  with  the  resem- 
blance between  the  Salopian  and  Malvemian  rocks  during  recent 
visits  to  those  districts. 
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38.  On  a  new  Thsbiosoht  Bjbptilr  (Cliobhizodon  OBEHBnteBraiB, 
Twelveir,)fiim  ihe  Upfbb  Fbbhzait  Cvpbifeboub  SAmwioirEs  0/ 
KABftASHiBK,  n«cer  OBSiniVBe  in  Sovrs-BASTsiar  Hvboa.  By  W. 
H.  TwELYBiBEBB,  Esq.,  F.L.S.,  F.6.S.  (Bead  April  14, 1880.) 

The  fossil  to  bo  described  in  this  paper  was  found,  in  the  suranierof 
187i',  in  the  copper-mine  of  J{()sh(h»stveiisk,  about  tliirty  miles  X. 
of  the  town  of  Orcnberg.  The  mine  forms  one  of  several  groups 
known  collectively  as  the  mines  of  Kargalinsk.  The  steppe  in 
whioh  it  is  situate  is  composed  of  Upper  Permian  beds  of  marl 
and  sandstones  resting  upon  limestone  containing  Zechstein  fossils. 
Copper-imines  in  this  steppe  have  been  worked  from  time  immemoriaL 
Organic  remains  are  ouly  found  in  the  runs  of  copper-ore  and 
are  everywhere  absent  from  the  bare  fandstones.  1  have  resided 
several  years  in  the  neighbourhood  and  um  acquaintod  ouly  with 
the  following 


Oalnmites 
Lepidodendron. 

Ijeuves  of  Aroidea  crassiapatha, 

Kutorga. 
Conifer  trunks  and  twigs. 
Unto,  Bp.,  aUied  to  U.  umhonatw, 

Eiaooflr. 


Ambli/pterus,  Mg^ 

Flatysomus,  n>. 

Bemains  of  Labyrinthodonts. 

Bemainsof  Saurians  undetormiiied, 
including  h'hojfidodon,  Fischer, 
aud  DeuterosauruSf  Eichwaid. 


The  fragment  under  consideration  is  a  portion  of  a  reptilian  j;l^v*, 
apparently  comprising  ])art.s  of  the  maxillary  aud  premaxillary 
bones.  When  it  tirat  came  into  my  possession  it  only  presented  to 
Tiew  vertioal  sections  of  the  roots  of  the  canine  and  molan  split 
down  longitudlnaUj.  Experimental  chiselling  disclosed  the  fine 
canine  crown  (c\  besides  the  crown  of  an  incisor  (i)  and  crowns 
of  two  of  the  molars  (m  5  &  (>).  The  form  and  implantation  of 
the  roots  had  already  led  me  to  the  conclusion  that  the  animal 
belonged  to  the  Theriodont  order  :  and  this  inference  was  confirmed 
by  the  appearance  of  the  canine  aud  incisor  crowns. 

Between  the  canine  and  incisor  is  a  diastema  or  toothlesa  interral 
of  *37  inch.  The  latter  dants  hackwards  and  ontwaids.  Its  crown 
is  of  a  triangular  form,  and  I  am  unable  to  detect  any  trace  of  eer- 
ration ;  though  it  must  be  confessed  that  the  anterior  edge  is  not 
quite  in  a  state  to  admit  of  a  positive  assertion.  The  tooth  is  not 
8uscei)tible  of  further  development  from  the  matrix  without  liek  of 
injury  to  the  canine. 

*  Kindly  ghran  to  ms  bj  Ifr.  Thos.  Biebavd,  who  has  fbr  ssreral  ysan 
studied  the  geologj  of  the  Eaigslinsk  stzata  sad  tbs  oooditioiis  of  tbe  oqppsr 

in  their  rooke. 
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Portion  of  Upper  Jaw  (right  side)  0/ Cliorhizodon  oronbur- 
gensis,  Ttvelvetrees.    Nat.  size. 


t.  Incisor.  c.  Canine.  nt  1-10.  Molar«. 

Proceeding  to  the  canine  a  fine  recmred  tooth  is  exhibited  (c). 
It  is  thickest  at  the  base  of  the  crown  and  somewhat  compressed 
laterally,  though  less  so  than  the  canines  of  any  other  Theriodouts 
that  I  have  seen.  Its  posterior  edge  bears  no  sign  of  serration  or 
crenulation.  The  interior  is  too  mineralized  to  show  reliably  details 
of  structure.  Its  exterior  is  faintly  marked  longitudinally.  The 
root  not  being  split  quite  in  the  median  plane,  the  pulp-cavity  is  not 
displayed:  but  the  form  of  the  socket  and  of  the  implants  fang  is 
instructively  shown.  Tlio  former  is  a  caWty  slightly  narrowing 
towards  its  closed  termination,  and  the  root  follows  the  same  shape. 
The  significance  of  such  mode  of  implantation  has  been  finely  shown 
by  Prof.  Owen  in  his  description  of  fragmentary  indications  of  a 
huge  kind  of  Theriodont  reptile  (Titanoxtichus  ffroar,  Ow.)  from  the 
Cajje  of  Good  Hope*.  The  present  fossil  is  a  reraarkaMy  good  illus- 
tration of  the  views  propounded  in  that  memoir,  and  I  am  greatly 
indebted  to  its  illustrious  author  for  the  guidance  thereby  afforded 
me.    Not  only  the  canine,  but  the  molars  too,  which  difier  from  the 

*  Quart.  Joum.  Geol.  See.  toL  xzxt.  May  1879,  pp.  189  et  seq. 
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ineisor  in  form  aa  wdl  as  position,  toe  inserted  in  separate  sockets, 
which,  together  with  the  contained  roots,  taper  to  a  more  or  leas 
hlnnt  bnt  dosed  extremity. 

m  1  is  the  root  immediately  behind  tho  canine,  from  wbioh  it  ia 
not  divided  by  any  appreciable  interspace.  It  is  the  longest  molar 
root  preserved. 

7n  2  &  3  are  smaller  and  more  slender  roots  exhibiting  the 
elongated  pulp-cavity,  pointed  extremity  and  closed  sockets  very 
dedsively.  ICnoh  the  same  may  be  said  of  m  4. 

in  5  is  the  first  we  come  to  showing  its  crown,  whioh  waa  trans- 
versely broken  in  treating  the  fomL  It  is  small,  suhconical  and 
directed  hackwards.  Its  anterior  contour,  which  describes  the  {i^eatest 
convex  curve,  is  sharply  serrated.  lis  root  rises  perpendicularly 
into  a  narrow  socket,  narrowing  as  it  ascends. 

m  6  is  a  larger  molar,  also  exposing  part  of  its  orown,  which  seems 
to  he  of  the  eame  general  shape  and  to  have  the  aame  eerratioii  aa 
that  of  m  5,  bnt  it  ia  more  awdlen.  lowing  the  longitudinal  ondine 
of  its  root,  there  appears  to  me  to  be  a  very  slight  constriction  or 
tendency  to  the  formation  of  a  cervix  dividing  the  crown  from  the 
fanj^.  The  termination  of  this  fang  and  its  closed  socket  is  lass 
acuminate  tliaii  in  the  preceding  teeth,  m  7  is  a  root  not  essentially 
diii'ereut  from  in  0. 

m  8  preeenta  a  complete  longitudinal  aeotion  of  root  and  crown 
from  the  apex  of  the  crown  to  tiie  haae  of  the  ftag.  It  evidenoea 
a  backward  slant  of  the  crown  and,  aa  it  seems  to  me,  a  barely  per- 
ceptible constriction  at  the  base  of  the  latter.  It  exemplifies  the 
closed  socket  quite  as  clearly  as  the  other  teeth;  but  the  root  jjains 
a  little  in  width  upwards.  At  the  base  the  comers  are  rounded  off, 
and  the  baso-liue  is  punched  up  a  little,  so  as  to  cause  a  slight  undu- 
lation in  the  baaal  outline ;  and  thia  correaponda  to  a  aimllar  ware  in 
the  haaal  outline  of  the  pulp-cavity,  which  ia  large  and  conoidaJ,  a 
facsimile  of  the  root  itaelf.  The  cavi^  ia  produced  aa  a  linear 
trace  into  the  crown,  m  9,  partly  preserved,  reaemblea  in  form 
m  7»  and  m  10  ia  only  a  fragment. 


Incisor.  Canine, 

in.  in. 

Bitiwheolar  length  (orown)                                   '38  1*8 

From  alfeoUr  maigia  toend  of  fing  (root)   I'l 

Total   2-4 

Molars. 

1.     2.     3.      4.     6.      fi.     7.      8.     9.  la 

in.    in.    in.    in.     in.    in.    in.     in.    in.  in. 

C^po^u       •••                        •••     *^    •  •  •     2d    •  • «  •  •  • 

Boot.        -76   •41    4    ^   -46    ^    98   -86    -85  ... 


Total    -48  -64 

I  have  now  passed  in  review  the  teeth  seriatim.  They  point,  in  my 
opinion,  to  the  location  of  the  animal  to  which  they  belonged  in  the 
Theriodont  order.   The  excessive  obliquity  of  the  root  of  Uie  cauiao 
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and  iihe  alMonoe  of  the  weU-marked  club-shaped  outiine  charaeterizing 
the  orownB  of  teeth  of  Bhopah^hn,  fisoher,  ate  the  reasons  which 

h&ve  mainly  influenced  me  in  keeping  it  apart  from  that  genus.  In 

Jihopalodon,  too,  I  have  noticed  a  greater  smoothness  and  more  finely 
marked  superficies  of  enamel.  Venturing  thus  to  distinguish  it 
generically,  and  necessarily  specifically,  I  submit  the  name  of  Clio- 
rhizodon  orenburyeiisky  in  alluaiou  to  its  contracting  roots  terminating 
in  dosed  sockets,  and  to  the  government  in  Eussia  in  which  it  was 
fonnd. 

Discussion. 

Prof.  Rupert  Jones  referred  to  the  finding  of  reptilian  remains 
in  the  dolomitic  conglomerate^  of  Bristol.  It  had  been  asserted  that 
continental  beds  with  similar  reptiles  wore  Permian,  while  it  was 
now  known  that  the  former  were  'IViu^ic;  and  he  thought  it 
should  not  be  too  hastily  aesnmed  that  these  Bnesian  beds  were 
Pennian. 

Prof.  BoTD  Bawkins  said  that  the  great  feature  of  the  Secondary 
rocks  was  the  evolution  of  the  Kcptilia.  The  discovery,  then,  of  so 
highly  organized  a  group  as  Theriodonts  was  rather  a  reason  for 
r^arding  these  rocks  as  Secondary. 

Prof.  Seeley  said  he  really  did  not  know  what  a  Theriodont  was, 
and  did  not  believe  that,  as  a  division  of  the  Eeptilia,  the  Therio* 
dontia  had  any  eodstenoe.  What  the  spedmen  on  the  table  was  he 
could  not  say;  and  he  did  not  think  it  was  perfect  enough  fast 
description. 

Mr.  HuLKE  thought  the  specimen  too  obscure  for  forming  an 
opinion  at  onec.  He  concurred  with  Prof.  Seelcy's  remarks  as 
to  the  dubious  value  of  the  Theriodontia  as  a  natural  family  of 
reptiles.  When  the  subject  was  some  time  since  brought  before  the 
Society  by  Ptof  .  Owen,  he  had  stated  that  even  teeth  of  the  Igmwh 
don  present  characteristics  suppoeed  to  be  Theriodont 

The  President  said  the  teeth  of  these  so-called  Theriodonts  were 
verj'  different  from  those  of  the  Thecodontosaurus  and  Palceosaurus 
of  the  Bristol  conglomerate ;  but  it  was  doubtful  what  was  the  true 
age  of  these  so-called  Permians. 
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38.  On  lA«  DnooTSBT  of     Ftica        PiJUMinsio  luiiiaDns 
war*  macif  a<  Cratiobdw  By  F.  0.  J.  Stdbbsll,  F.O JS.  (Bead 

Jane  23, 1880.) 

[FLAraXXn.] 

In  the  large  chalk-pit  at  Crayford,  Kent,  and  in  the  adjoining 
brick-pitt)  I  have  noticed  for  some  time  Hint  flakes  which  I  was 
unable  in  eoiiTiiioe  myself  belonged  to  tihe  brick-eartbs  in  wMeli 
they  were  found,  believing,  fxtm  Uieir  shape,  colour,  and  mineral 
condition,  that  ihey  had  oome  from  another  stratum  of  the  river- 
deposits. 

I,  however,  watched  rcjrularly,  with  preat  care,  and  dnrin^  the 
late  winter  found  a  few  flakes  which,  from  their  appearance,  1  felt 
helonged  to  the  gently  deposited  hrick-eartha  in  which  they  lay  ;  but 
they  were  solitary  and  rare,  and  it  was  not  until  the  beginning  of 
Haieh  last  that,  on  the  removal  of  a  part  of  the  &oe  of  the  diff,  I 
came  upon  a  dense  layer  of  chips,  specimens  of  which  are  exhibited. 


Kg.  I.— Section  of  Cliff  at  Crayford, 
(Scale      inch  to  1  foot.) 


a.  Layer  of  chips.  6.  Vegetable  soil.  c.  Chalk  rubble. 

<f.  Ghalk.  BoDMof  J^Mmmtoi. 


The  sands  and  clays  const  itutiiig  the  brick -earths  of  Crayford,  lie 
nnder  a  low  clitt  of  chalk  and  Thanct  Sand,  with  a  cap  of  gravel  known 
as  Dartford-Hcath  gravel.  This  ancient,  cliff  ^hg.  1)  has  in  parts 
been  worn  lower  than  others ;  at  one  of  these  spots,  where  the  wear- 
ing has  invaded  the  chalk  itself,  the  brick-eartha  are  exposed  lying 
against  the  chalk,  which  is  much  weathered  and  has  the  face  covered 
with  chalk-rubble  ;  a!  Iho  base  of  this  section  is  a  step  in  the  chalk 
clitf,  and  a  sort  of  foreshore  seems  to  have  been  formed,  consisting 
here  of  hard  sand,  and  there  of  t?mall  heaps  of  tiint  stones  brouglit 
down  from  the  clilf  above  by  aerial  action.  It  is  on  one  of  these 
small  slopes  of  sand  that  the  layer  of  flakes  was  found.  The  upper- 
moat  edge  of  the  area  covered  by  them  ia  about  thirty-six  feet  firom 
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the  present  surface,  the  lowest  nearly  six  feet  lower.  This  area  was 
thickly  covered  with  chips  for  the  space  of  about  ten  feet  north  and 
south,  and,  as  far  as  I  know  at  present,  fifteen  feet  oast  and  west, 
or  parallel  to  the  cliff ;  but  I  expect  that  it  will  be  found  to  extend 
further. 

The  fragments  of  flint  lay  touching  each  other,  in  parts  to  a  thick- 
ness of  several  inches,  and  had  fallen  so  lightly  that  in  several  places 
there  were  minute  cavities  underneath  the  mass  of  larger  and  flatter 
flakes. 

A  few  small  pieces  of  bone  were  found  immediately  beneath  the 
layer ;  but  above  oould  be  seen  fine  specimens,  and  smaller  ones  in 
abundance,  mostly  incrusted  with  sand,  cemented  by  iron  oxide  to 
the  bones,  and  this  occasionally  included  one  or  more  flakes  in  the 
mass  (fig.  2).  Chips  are  found  connected  together  by  the  same  means. 

Fig.  2. — A  Flint  Flake  which  has  been  tued  at  the  side  and  hutt  end^ 
adherent^  by  its  upper  surface^  to  a  portion  of  tJie  samly  matrix 
in  which  it  was  found  imbedded.    Natural  size. 


The  flakes,  when  first  taken  from  the  sand,  are  in  most  cases  quite 
now  and  clean,  always  so  on  the  lower  side,  very  slightly  discoloured 
with  dust  or  iron  on  the  upper.  Many  are  studded  with  small  con- 
cretions of  white  carbonate  of  lime. 

Though  the  workman  had  abundance  of  material  to  work  on,  he 
seems  to  have  found  the  flints  very  obstinate,  as  may  be  seen  from 
the  difficulty  he  had  in  procuring  good  heart  pieces  of  flint  and  the 
patient  way  ho  chipped  away  the  outside. 

That  he  worked  on  the  spot  is  evident.  As  I  noticed  before,  the 
flakes  lie  lightly  on  each  other  ;  they  are  perfectly  free  from  the 
slightest  abrasion  such  as  must  have  occurred  had  the  edges  rubbed 
over  each  other  by  the  action  of  water ;  they  did  not  fall  from  the 
cliff  into  fhe  water,  for  occasionally  long  flakes  broken  in  two  have 
been  seen,  which  could  not  have  occurred  had  water  intervened ; 
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and  notably  one  largo  flake  was  fbund  by  me,  the  broken  ends  facing 
eaeh  other  as  at  the  moment  it  fell  and  broke  !  A  few  small  concre- 
tiona  remain  on  tho  opposed  faces  to  show  that  the  fractme  iraa 

previous  to  the  discovery  find  not  due  to  an  accident  since. 

Single  flakes  may  bo  found  above  and  below  this  layer,  and  it 
would  therefore  appear  that  the  manufacture  at  this  place  was  of 
long  continuance. 

Notwithstanding  that  many  flakes  vere  earned  to.  spofl  whilst 
I  was  absent,  and  the  fall  of  some  earth  with  the  fear  that  more 
may  follow  prevents  my  gett  ing  tlie  whole  of  these  remains,  I  have 
been  able  to  piece  many  of  these  Hakes,  and  to  demonstrate  that 
the  object  sought  was  the  manufacture  of  huches,  which  has  been 
contirmed  by  my  digging  out,  on  the  :^3rd  of  April  last,  tho  broad 
end  of  a  flint  hache,  in  the  presence  of  Prof.  Boyd  Dawkins,  whom 
1  had  asked  to  visit  the  pkoe ;  and  later  I  reoovered  the  rest  of  the 
implement. 

Some  of  the  smaller  chips  leaye  no  donbt  that,  besides  these 
coarser  operations  of  bloddng  ont,  veiy  fine  work  indeed  vas 

attempted. 

All  the  parent  stones  have  been  derived  from  those  found  at  hand 
and  washed  out  of  the  cliff  or  fallen  from  it ;  not  one  had  been 
rolled  or  dng  ont  of  the  ehalk  by  the  workman,  and  all  were  slightly 
stained  by  iron  befbre  being  need. 

If  I  did  not  find  the  hammer,  I  found  some  sach  tool ;  but  such 
pebbles  as  were  required  for  the  purpose  could  easily  be  obtained  of 
various  qualities  from  the  Dartford  Gravel  above.  Finis  used  for 
striking  were  found,  however. 

The  bones  with  which  these  traces  of  man  are  associated  are  those 
of  the  brick-earth  of  Crayford  in  general,  so  completely  described  by 
Prof.  Boyd  Dawkins ;  but  one  specimen, which  was  found  a  few  inches 
over  the  flints,  is  worthy  of  notice,  being  part  of  the  distal  end  of 
tho  lower  jaw  of  lihinoceros  tichorhiuKS,  with  four  milk-teeth  and 
the  thin  alveolar  edges  of  the  recently  shed  outer  incisors  uncrushed. 
Tho  rest  of  that  row  of  teeth  were  afterwards  found  about  1 8  inches 
off  the  first,  the  ends  of  the  jaw  having  been  rounded.  Prom  the 
body  of  the  jaw  had  been  extracted  one  nncut  tooth  of  the  coming 
series,  which  lay  about  a  foot  from  the  last;  numenms  uplinters  of 
tho  large  bones  lay  around,  and  suggested  their  having  been  broken 
for  food. 

In  the  second  section  which  I  have  prepared  (fig.  3)  is  shown  the 
relation  of  this  deposit  to  other  deposits  of  the  same  river  in  the  im- 
mediate neighbourhood. 

The  oldert  known  to  me  is  the  widely  spread  tract  of  Dartford 
Gravel  (a),  extending  many  miles  on  either  side  of  the  present  river 
Thames  and  bearing  a  de&iite  relation  on  its  northern  as  well  as 
its  southern  confines  to  the  course  of  that  river.  It  is  to  be  found 
resting  witli  remarkable  regularity  on  a  level  of  about  08  feet  above 
tlio  urdnaiifo  datum  line,  whatever  stratum  it  may  rest  on,  though 
in  pockets  or  pipes  it  occasionally  descends  lower.  Its  greatest 
thickness  is  about  86  feet.  It  u  irregularly  stratified ;  but  as  it 
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has  been  repeatedly  noUoed  in 
the  Geological  Sooie^B  Jour- 
nal, I  flbaU  not  fbraier  de- 
scribe it. 

This  gravel  contains  palcco- 
lithic  implements.  ISome  years 
ago  I  found  a  hachc  *  in  situ 
in  it,  on  Dartford  Heath,  which 
ifl  now  in  the  British  liuseom ; 
and  this  has  been  followed  by 
Mr.  C.  C.  S.  Fooks  (of  The 
Bowman's  Lodge,  Dartford 
Heath)  obtaining,  last  year, 
another  from  the  same  gravel, 
not  quite  so  deep,  however, 
and  abont  25  feet  ftirther 
south.  I  haye  found  a  Dbw 
flakes,  all  bearing  a  general 
resemblance  to  each  other  in 
mineral  character;  and  it  is 
from  this  gravel  that  I  believe 
some  of  the  flakes  that  have 
been  found  in  the  hriek  onrtliw 
below  haye  been  deriyed. 

It  appears  that  the  river 
afterwards  left  this  level  and 
descended  not  loss  than  180 
feet  (perhaps  more  than  200), 
cutting  a  deep  channel, of  which 
the  cliff  in  my  flrst  section 
(fig.  i;  is  a  result.  When  a» 
its  lowest,  the  river  must  have 
been  comparatively  a  small 
one.  The  river  then  began  to 
rise  slowly  until  the  water 
attained,  if  it  did  not  exceed, 
its  old  supremacy. 

It  was  during  this  rise  that 
the  brick-earths  were  deposited , 
some  of  which,  containing  ele- 
phant remains,  have  been  found 
resting  on  chalk  in  the  l)cd  of 
the  Thames  in  Erith  Rands, 
about  forty  feet  below  the 
datum  line. 

Then  the  water  retreated 
again,  washing  away  much  of 

*  Figun  d  in  Mr.  J.  Evans's  'An- 
cient btoiio  linplement«/  p.  532. 
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the  upper  layers  of  bridk-eiirtti,  and  giving  maoh  of  the  present  form 
and  slope  to  the  lower  part  of  the  valley.  At  its  dose  came  down 
rashes  of  gravel,  chiefly  from  tiie  highoit  bed,  crashing  into  the 
softer  layer  beneath,  and  making  festoons  and  loops  when  seen  in 
section  ;  this  is  known  by  the  name  of  "  trail,"  and  accumulated 
lower  down  in  largo  banks,  on  which  rests  the  aUuvium  of  the  pre- 
historic time. 

EXPLANATION  OF  PLATE  XXH. 

Flint  flakes  found  at  Crayford,  replaced  in  their  rnUtiTe  pontions  around  the 
hache,  which  lies  within,  fonuing  a  reetoration  of  the  block  of  flint  as  picked  up 
on  the  neighbouring  foreahore  before  being  worked.  Many  of  the  conetitueut 
flake«  hnTP  been  used.  (Tho  fl,ik«  marked  "  J.  L."  was  found  by  Sir  John 
Lubbock  after  the  other  fragments  bad  been  pieced  together.) 

BnoDssiov. 

Ftofl  PmwiOE  dbseryed  that  this  ease  was  analogous  to  those 
of  the  Somme  valley,  where  we  had  an  upper-  and  a  lower-level 
gTuvel  with  flint  implementa.  He  remarked  on  the  great  interest 
and  novelty  of  the  work  of  Mr.  Spurrell. 

Mr.  Evans  thought  the  discovery  threw  much  light  upon  the 
relations  of  the  beds  and  the  mannfactore  of  the  flints.  He  called 
attention  to  the  differenoe  between  the  flakes  from  the  briek-eaartiis 
and  the  implements  from  the  upper  gravel.  Many  of  the  flint  flakes 
were  carefully  wrought,  and  seemed  to  have  been  intended  for  flint 
knives.  The  Crayford  deposit  resembles  that  of  Mouchecourt,  in 
which  similar  flakes  and  bones  of  li.  tichorhinus  had  been  found. 

Prof.  BoNifBT  called  attention  to  the  fact  that  the  incrustations 
and  colour-stains  passed  over  the  cracks  in  the  cases  where  the  frag- 
ments had  been  ntted  together  to  make  a  Uoek.  This  perplex^ 
him,  and  he  could  not  help  doubting  whether  the  latter  were  not 
fractures  oansed  by  natoial  action,  and  not  by  the  hand  of  palsso- 
lithic  man. 

Prof.  HuoRF.s  paw  difficulties  in  the  way  of  accepting  the  evidence 
without  further  explanations.  The  flakes  were  left  together,  while 
the  gravel  and  sand  tdd  of  transporting  cnnwnts.  Moreorer  the 
flakes  wero  not  in  tho  same  condition  as  the  other  remains  said  to 

have  been  procured  firom  the  same  formation;  while  the  flints  from 
which  the  flakes  were  stmok  did  seem  to  hATe  belonged,  when 
whole,  to  that  formation*. 

Mr.  Charlesworth  mentioned  a  deposit  at  Hackney  where  im- 
plements were  beiug  found  with  Cyrena  Jiumiiuilis, 

M..  Spvbull  replied  that  some  stains  had  commeneed  before  the 
specimen  was  worked,  while  others  were  formed  aflerwaxds. 

*  [Note. — T  am  permitted  to  state  in  a  note  that  since  offering  the  above 

criticism  on  the  eyidenoe  had  before  the  Sooiety,  I  have  exaniMd  ths  loflali^ 
with  Mr.  Spurrell  and  have  seen  that  the  difficulties  which  orrtjrpcd  to  me  can 
be  explained  away  by  reference  to  the  peculiar  conditions  of  depue^it  at  ibe  foot 
of  aobalk  cliff,  and  that,  having  dug  out  many  spedmens  with  my  own  haada,  I 
am  convinced  that  the  flakes  are  the  work  of  mnn  nnd  that  they  do  occur  under 
at  least  37  feet  of  the  Crayford  saud  and  graTei  with  the  remauuof  Bhinocerot 
4e.— T.11'K.H.] 
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On  iome  new  Cbetaoboub  Comattl^.  By  P.  Herbert  Carpewtbb, 
MA.,  Asaatant  Master  at  Eton  College.   (Bead  June  23, 1880.) 

(OommuniMtad  bj  2tot.  P.  M.  Danoui,  MB.  Loud.,  P.R.S.,  YJBjStS) 

[PiJLraZXm.] 

In  the  fbllowing  pages  I  have  deecribed  some  new  Cretaeeoaa  Ooma^ 
tula  which  hare  been  placed  at  my  disposal  for  this  purpose  ainoe 
the  pnhlioation  of  my  paper  on  British  Secondary  Oomatulce  in  the 
February  Number  of  tiiis  Journal  (vol.  xxxvi.  pp.  36-55,  pi.  v.). 

Two  of  the  new  species  belong  to  the  cabinet  of  the  Rev.  P.  B.Brodie, 
M.A.,  F.G.S.,  who  courteously  offered  them  to  me  for  description. 
The  other  three  are  in  the  Geological  Collection  of  the  British 
Museum,  and  (as  before)  I  am  indebted  to  the  kindness  of  Dr.  Henry 
Woodward,  and  of  Mr.  B.  fitheridge,  Jnnr.,  for  tlio  oppor- 

tunity of  examining  them.  To  all  of  tfaeao  gentlemen  my  best 
thanks  are  due. 

1.  Avnnoir  fbhtobata,  n.  sp.   (PL  XXUI.  fig.  2.) 

The  centrodoKsal  is  a  thick  pentagonal  disk  with  steep  sides  and 
a  hollowed  dorsal  surface  (fig.  2,  6).   At  the  bottom  of  the  hoUow 

is  an  irregular  central  opening,  and  on  its  sloping  aides  are  fire  others, 
radially  disposed  and  separated  by  faint  grooves.  There  are  about 
fifty  deep  cirrhus-sockets,  arranged  rather  irregularly;  those  which 
are  best  preserved  show  traces  of  striati^d  margins  and  have  small 
articular  ridges  crossing  them  at  or  slightly  above  the  middle,  which 
are  pierced  by  the  transversely  oval  openings  of  the  eirrhns-canals 
(fig.  2,  e).  The  ventral  nirftoe  (fig.  2,  a)  is  marked  by  ▼arions  pits 
and  hollows,  but  is  tolerably  flat  on  the  whole,  except  that  one  of 
the  radial  areas  falls  away  very  much  toward  the  periphery.  The 
basal  grooves  are  indistinct,  with  nearly  ]mrallel  sides,  which  show 
faint  traces  of  plication  here  and  there  ;  and  the  central  cavity  is 
irregularly  five-rayed,  with  uneven  margins  and  slight  indications  of 
radial  ribs  on  its  walls  like  those  of  ^.^ara<2oara,  the  strong  interradial 
libs  of  which  are  absent  in  this  specimen. 
Diameter  11^  mm. ;  height  5  mm. 

Locality,   The  (Upper)  CSialk,  Maigate.   Wetherell  CoUeciiony 

British  Museum. 

RemarJcs.  The  somewhat  worn  specimen  described  above  resem- 
bles A.  jmradoxa  in  general  appearance,  but  lacks  the  keyhole-shaped 
opening  in  the  oirrhns-sockets  cbaractoristio  of  this  species  and  of 
•  A.  ruffOM  (fig.  4).  One  soeket,  it  is  true,  baa  a  oentral  somewhat 
keyhole-shaped  pit ;  but  I  beUiave  this  to  be  artifieial.  The  rim 
around  the  opening  of  the  axial  canal  has  been  worn  away,  and  the 
opening  thereby  united  with  the  deej)est  part  of  the  dorsal  ligament- 
pit  which  lies  just  beneath  it ;  while  the  two  disconnected  ends  of 
the  articular  ridge  stand  up  on  either  side  of  the  corajx)8ite  pit  thus 
produced,  so  that  the  socket  has  somewhat  the  appearance  of  those 
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of  A,  ^aradoxa  or  A,  rugotcu  On  the  other  hand  I  have  seen  no 
dxrhiUHWoket  in  «itli6r  of  these  speeiee  whieh  ahowe  any  tnoe  of 
an  artionlar  ridge  sorronnding  a  central  opening.   A  oonsideraUe 

proportion  of  eaoh  aooket  (fig.  4)  is  occupied  by  the  large  keyhole* 
shaped  pit.  The  opening  of  the  axial  canal  was  probably  at  the 
bottom  of  this  pit,  whilo  there  are  small  lateral  elevations  causing 
tho  constrictions  of  its  sides  that  may  bo  the  disconnected  ends  of  a 
transverse  articular  ridge.  But  I  have  bccu  unable  to  satisfy  myself 
that  they  are  so,  while  it  is  uiilikely  that  such  an  appoaianoe  wodd 
he  always  aitifieiaL  In  any  ease,  the  appearanoe  of  the  sookets,  as 
wo  find  them  now,  forms  a  good  distinction  between  A*  pwadoxa 
and  .1.  rngo8a,on  the  one  hand,  and  A.  perforata  with  the  remaining 
Cretaceous  Antcdom  on  the  other.  Tho  latter  R])ccics  also  differs 
from  tho  two  former  ones  in  having  six  large  and  dititiiict  openings 
at  the  dorsal  polo,  and  not  a  simple  five-rayed  impression.  Tho 
pfesenoe  of  the  ladial  libs  on  the  wsUs  of  tiie  axial  cavity  gives  it 
an  intennediate  position  between  them;  for  while  there  sie  no 
ribs  at  all  in  ^.  ru^roM,  there  are  both  interradial  and  radial  ones  in 
A*  paradoxa.  The  radial  ribs,  the  plaiting  of  the  basal  grooves, 
the  depth  of  the  cirrhus-soeketa,  and  tho  form  of  their  articular 
surfaces  distinguish  A,  perforata  from  A,  Lundyreni^  to  which  wo 
will  now  pass  on. 

2.  AsTBiKnr  LmnwBwz,  n.  sp.  (PI.  XXTTT.  fig.  3.) 

The  oentrodorsal  is  irregularly  hemispherical,  with  a  rounded 
pentagonal  outline,  and  is  nearly  covered  by  ten  vertical  rows  of 
cirrhus-sockets  (fig.  3,  6,  r).  Each  row  is  separated  from  its  neigh- 
bours by  more  or  less  distinct  ridges,  and  contains  two  or  three 
sockets  which  have  striated  margins  and  minute  central  perforations. 
The  precise  shape  of  tiie  aTticnlar  sai&ose  ii  diffieolt  to  mske  ont ; 
it  is  most  like  that  to  be  described  immediately  in  A,  ttriata  (fig.  5). 
Bather  to  one  side  of  the  apex  is  an  irregidar  hole  with  constricted 
sides.  Tho  ventral  surface  (fig.  3,  a)  is  flat  with  indistinct  basal 
pn'ooves,  the  sides  of  which  show  no  traces  of  plication,  which  would 
probably  have  been  preserved  had  it  existed,  as  the  striation  of  the 
cirrhus-sockets  is  visible. 

One  of  the  grooves  is  occupied  by  a  small  prismatic  basal,  the  outer 
end  of  which  reaches  tiie  margin  of  the  oentrodorsal  so  ss  to  appear 
externally  (fig.  3,  c).  From  its  narrow  inner  end  diverge  two  small 
bony  bars.  One  of  these,  tho  right  in  the  figure  (3,  a),  is  followed 
by  two  others,  but  the  rest  of  tho  margin  of  tho  axial  opening  is 
rather  irregular.  Were  it  complete  with  all  the  basals  in  situ,  it 
would  evidently  be  decagonal  and  closely  resemble  the  corres^wnding 
part  in  Goldfuss's  figure  of  A. paradoxa*.  Just  outside  the  margin  of 
the  opening  are  fl,Te  small,  bnt  doable  radial  pits.  Each  of  these  is 
very  shallow  and  more  or  less  separated  into  two  parts  by  a  tangen- 
tial division,  just  as  represented  in  Goldfuss's  figure.  The  central 
cavity  is  tolerably  deej),  without  any  ribs  on  its  walls. 

*  Potrefacta  QemuuuK,  Taf.  li.  fig.  1,  b. 
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Diameter  5  mm. ;  height  nearly  2*5  mm. 

Locality,  The  (Upper)  Chalk,  Margate.    Wetherell  Collection, 
Britiah  l^Tueniii. 
B$maTk9,  Thefomaodng^arannmgeiiientof  tiieoiirinit-soo^^ 

and  the  want  of  plication  of  the  ItaialgioomdutingaiBh  this  species 
from  botli  A.  paradoxa  and  A.  nujosa.    The  specimen  described  is 

of  special  interest  from  the  proof  which  it  furnishes  of  the  correctness 
of  Lundgren's  explanation  *  of  the  so-called '  ambulacra '  of  A.  imra" 
doxa  as  the  grooves  in  which  the  hasals  are  lodged.  I  have  much 
pleasure  therefore  in  naming  the  species  after  him. 

3.  Antedon  striata,  u.  sp.    (PI.  XXIII.  fig.  5.) 

The  centrodorsal  is  a  roiijj:hly  circular  thick  disk  with  steep  sides 
and  a  deopish  hollow  at  the  dorsal  pole,  on  the  sloping  wall  of  which 
is  a  faint  trace  of  a  stellate  impression  (fig.  5,  c).  It  bears  numerous 
dxrluis-socketB  in  four  or  fire  inqgnlarly  altornating  rows,  probably 
about  forty  in  all,  if  lihe  portion  concealed  by  tbe  matanx  be  allowed 
for.  They  have  a  circular  or  oval  shape,  theLogattxeaohing  nearly 
2  mm.  in  diameter.  Each  is  a  decpish  hollow  with  a  very  distinctly 
striated  rim,  and  at  or  just  above  the  middle  a  small  openinp;,  which 
is  usually  somewhat  elongated  transversely  and  has  slight  elevations 
around  its  cuds  (fig.  5,  c).  These  are  seen  in  the  best-preserved 
sockets  to  be  the  more  prominent  parts  of  a  thick  articular  rim 
which  snmmnds  the  opening  of  the  oirrhns-canal  (fig.  5,  d). 

The  ventral  surface  is  very  flat  and  rather  obscured  by  the  matrix, 
which  occupies  the  stellate  central  cavity  and  conceals  t^e  inner  ends 
of  the  basal  grooves.  These  seem  to  have  been  pear-shaped,  and 
their  sides  show  no  indications  of  jdaiting,  which,  had  it  existed^ 
would  have  been  preserved  like  the  striaB  of  the  cirrhus-sockets. 

Diameter  nearly  9  mm. ;  height  4^  mm. 

LoedKty,  The  (Upper)  Ohalk,  Dover.  British-Mnseam  CoUeo- 
tion. 

Eeniarks,  This  species  has  a  considerable  superficial  resemUance 
to  A.  rtigosay  but  its  centrodorsal  is  rather  higher  and  bears  more 
cirrhi,  the  sockctH  of  which  are  quite  different  from  those  of  that  type. 
ITicy  are  more  like  those  of  A.  Lundyreniy  but  arc  aiTanged  quite 
diii'eroutly  and  ore  far  more  distinctly  striated.  In  A.  ^)halangium 
of  the  MediteKianeaa  the  maxgins  of  the  eixriiiu-socketB  are  qnite 
plain ;  bnt  the  articular  rim  around  the  opemng  of  the  axial  canal 
has  very  much  the  same  shape  that  it  has  in  A,  atriata, 

4.  AirxBDoir  unaxBiu,  n.  sp.  (Fl.  XXTTT.  fig.  6.) 

The  centrodorsal  is  roughly  hemispherical  with  a  pentagonal 
outline,  and  hears  eight  cirrhus-sockets  in  a  singlo  incomplete  row 
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(fig.  6,  6,  e).  The  donal  pole  is  smootli  and  slightly  flattened.  Hort 

of  the  sockets,  are  large  and  pear-shaped  with  the  small  end  down- 
wards, the  largest  being  nearly  2{  by  li  mm.  An  articular  ridge 
crosses  the  broaflcBt  part  and  widens  out  in  the  centre  round  the 
transverse  opening  of  the  axial  canaL  The  margins  of  the  sockets 
are  coarsely  striated. 

The  ventral  surface  has  a  shallow  and  irregular  central  caviiy, 
with  traces  of  small  radial  extensioDs  (fig.  6,  a).  The  basal  giooTes 
are  well  marked,  with  high  parallel  walls  that  stand  up  above  the 
level  of  the  intervening  radial  areas,  which  are  more  or  less  inega- 
larly  hollowed  (fi^.  G,  c). 

Diameter  4  mm.  ;  height  about  3j  mm. 

Locality.  The  Chalk  of  Wylye,  in  Wiltiihire.  Both  thia  and  the 
following  species  belong  to  the  cabinet  of  the  £ev.  P.  B.  Brodie, 
K.A.,  F.OA,  who  has  kindly  placed  them  in  my  hands  for  descrip- 
tion. 

Bemarls.  The  few  but  large  oirrhus-sockets  of  this  species  and 
its  deeply  cut  basal  grooves  distinguish  it  very  markedly  from  the 
other  fossil  Comatultf.  The  sockets  of  A.  parado.va  are  Bometimes 
as  long,  but  they  have  entirely  different  articular  surtaces  ^hg.  4). 

5.  Asnxwm  hioitbta,  n.  sp.    (PI.  XXIII.  fig.  1.) 

The  centrodorsnl  is  bemispberical,  with  a  pentagonal  outline,  and 
is  almost  completely  covered  by  about  forty -five  polygonal  cirrbus- 
Bockets,  arranged  in  live  or  six  more  or  less  irregularly  alt^'rnatiug 
rows.  At  the  dorsal  pole  is  a  trace  of  a  stellate  impression  (fig.  1,6). 
The  margins  of  the  sockets  are  striated,  and  the  transyersely  oval 
opening  of  the  central  canal  seems  to  have  had  a  rim  with  raised 
ends  as  in  A.  striata  (fig.  5,  d). 

The  sides  of  the  radial  pentagon  are  rather  curved  inwards,  so  that 
it  does  not  quite  cover  the  centrodorsid  (lig.  1,  a),  while  its  angles 
project  slightly  beyond  the  edge.  The  outer  dorsal  surfaces  of  tho 
radials  are  just  Tisible,  especially  at  the  angles,  where  they  are 
tamed  upwards  and  separated  by  small  rounded  basals  that  project 
slightly  outwards,  so  as  to  be  visible  when  the  calyx  is  viewed  from 
either  above  or  below  (fig.  1,  a,  h). 

The  articular  fares  of  the  radials  are  high  relatively  to  their 
width  and  much  curved  from  above  downwards,  as  well  as  from  side 
to  side  (fig.  1,  e,  d).  Only  one  of  them  is  at  all  free  from  the 
matrix.  It  shows  a  considerable  enlaiigement  of  the  ventral  rim  of 
the  axial  canal,  from  which  a  median  ridge  runs  upwards  to  meet  a 
wide  notch  between  the  muscle-plates,  while  two  others  run  up- 
wards and  outwards  to  separate  the  muscular  fossee  from  those  for 
the  interarlicular  ligaments.  The  form  of  the  centrnl  funnel  is 
stellate,  but  somewhat  irregular ;  for  at  three  of  tho  angles  there  is 
no  notch  between  the  muscle-plates  of  two  adjacent  radials,  while 
at  two  others  these  notches  are  visible,  owing  to  the  tips  of  the  plates 
being  somewhat  everted. 
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Diamet4^r  4|  mm. 

'  Loealitif.  The  Upper  Oreensand,  Blackdown*  Ck>lIection  of  the 
Eev.P.B.Brodie,  M.A.,  P.G.S. 

Brntua^  This  is  a  very  singular  type,  as  it  presents  a  oom- 
binatioii  of  several  characters  which  are  more  or  less  distinotiTe 
<tf  Tsrious  other  Cretaceous  species  and  of  some  recent  ones.  In 
its  gmeral  fades  this  fossil  resembles  the  corresponding  part  of 
A.celtiM  and  A.  E.<rhnrhtii  of  the  Xorth-Atlaiitic  basin.  The  latter 
species  is  the  more  like  it,  having  a  hemispherical  centrodorsal  with 
a  pentagonal  outline  and  very  similar  ailicular  faces,  including  the 
enlargement  of  the  yentral  rim  of  the  axial  canal.  The  two  types 
difibr,  however,  in  points  of  detail,  sach  as  tiie  lateral  enrvatnre  of 
the  articolar  &oes  of  A.  incurva,  so  that  the  radials  do  not  com- 
pletely cover  the  centrodorsal ;  and  they  show  a  small  outer  dorsal 
surface,  the  flanks  of  which  are  upturned  above  the  outer  ends  of 
the  basals.  Both  these  characters  are  common  to  A.  stmiylohosa  and 
A.  ctquiinarginata.  In  the  former  species,  however,  the  upper 
ends  of  the  apposed  lateral  edgee  of  the  radials  stand  out  more 
prominently  tiian  in  A,  tnciirva;  white  the  articular  fiiMes  of 
A,  ciqumarginata  have  a  very  straight  slope  and  lack  the  ventral 
interaiuscular  notch  which  occurs  in  A.ineurva^  though  the  enlarge- 
ment of  the  upper  rim  of  the  azial  canal  is  common  both  to  it  and 
to  the  recent  A.  Eschrichtii. 

The  lateral  curvature  of  the  articular  faces  occurs  in  a  new  Pacific 
Antedon  (otherwise  yery  different),  in  A.  Unticularis,  A,  italica^  and 
in  the  so-called  Bieriha  myttica*  fnm  tiie  Cretaoeons  series  of  the 
island  of  Iliigen.  There  is  a  further  resemblance  to  this  last  species 
in  the  projection  of  the  angles  of  the  radial  pentagon  beyond  the 
margin  of  the  centrodorsal,  so  that  they  are  visible  when  the  calyx 
is  viewed  from  below  (fig.  1,  h);  but  the  ventral  aspect  of  the 
calyx  is  very  different  from  that  of  Hertha^  in  which  the  articular 
faces  suddenly  narrow  very  much  near  their  ventral  ends,  whiler 
Hagenow  could  disoorer  no  eztenud  bsaals,  such  as  we  find  in 

A.  iitcurva. 

The  dose  grouping  of  the  cirdms-sockets  on  the  centrodorsal  of 
this  species,  and  the  faint  stellate  impression  at  its  dorsal  pole,  give 
it  a  certain  resemblance  to  A.  rotunda  ;  but  its  pentagonal  shape  is 
sufficient  to  distinguish  it,  apart  from  other  slight  differences. 

In  the  following  table  (p.  554)  I  have  endeavoured  to  show 
the  oooorrenoe  of  characters  belonging  to  this  species  in  other 
OomahtlcB, 

*  Von  Ilagenow,  "  Monographie  der  Eugen'scben  Kreide-Versteinerungen : 
II.  AbtheiluDg,  Badiarien  uaa  AnnulAten,"  Keues  Jahrb.  f.  Mineral.  lb4U, 
p.  664. 
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I  append  a  key  to  the  various  species  of  Anteclon  from  the  English 
Chalk  which  have  been  described  iu  this  and  iu  my  preceding 
paper. 

Antedons  yVom  tTie  English  Chalk, 


I.  Cirrhua-BockeU  with  a  kevbole-shaped  pit 

A.  OentrodonaleaTityiiurifalMa  wBilt    1,  J.foraioga, 

B.  Walls  of  oentrodorsal  caritj  plain    9L  ^  ni^'eiM. 

IX.  Oinhus-Bcjckets  have  an  OTalartioalar  Buxfaoealigbtl^ 

elevated  at  the  ends. 

C.  Ten  vertical  nnrt  of  cirrbafr-BOcket«   3,  JL  ZmM^rmL 

J),  Sockets  nnmeroas  in  alternating  horizontal 

rows.  «.   4.  A,  striata, 

UL  Ciirhiu^MdutobamatiaiimrnartioDiIar  1^ 

B.  Sockets  niuneroua  in  in^golar  xowa.  Six  ape^ 

tures  at  dorsal  pole    5.  A^^fdrata, 

F.  FeirsockstsiiKnieiiuMmiploterow.  JDmraalpolo 

imperforate   6.  A^UiMrfm, 


In  oondnBion,  I  'wkh  to  say  a  few  words  on  a  morphological 
anbjeet  which  was  aUnded  to  in  my  previonB  paper  (pp.  37,  88), 
uiid  has  recently  gained  in  interest  firam  the  writings  of  Hessrs. 

Wachsmnth  and  Springer. 

In  recent  Com(t(»J(p,  as  in  Pentacrinius^  the  lowest  portions  of  the 
ccelom  of  the  arms  are  lodged  in  the  median  ventral  furrows  of  their 
skeleton,  which  terminate  in  those  of  the  rays.  The  latter  are 
continued  down  the  inner  faces  of  the  first  radials,  where  the^  are 
more  or  less  completely  converted  into  canals  tliat  end  hhndly 
against  the  upper  surface  of  the  centarodorsaL  They  axe  some- 
times received  into  five  radial  pits,  which  are  very  deep  in 
certain  fossil  Comatulce.  This  is  the  case  in  Ant.  lietzii^  in  which 
they  remain  outside  and  separate  from  the  median  cavity  of  the 
centrodorsjil  that  lodged  the  cham])ercd  organ,  being  shut  oft'  from 
it  by  verticid  partitions.  In  A.  semujlohosa  the  central  cavity  is 
nnited  (perhaps  by  accident)  with  the  five  others  roond  it  and  has 
a  stellate  appearance,  while  there  is  a  similar  stellate  pit  on  the 
under  surface  of  the  ccntrodorsal.  Stellate  dorsal  pits  slighfly 
smaller  in  size  occur  in  other  fossil  Comatulce ;  these  are  far  larger 
than  was  necessary  merely  to  transmit  the  vascular  axis  of  the 
larval  stem,  continued  downwards  from  the  chambered  organ.  One 
is  led  to  suspect,  therefore,  that  they  gave  passage,  not  only  to  this 
central  axis,  hat  also  to  flye  radial  eztensioDs  of  the  body-cavity 
around  it,  the  radial  ints  of  ether  Comatula  heang  here  represented 
hy  real  perforations  through  tiie  substance  of  the  ccntrodorsal. 

The  condition  of  Ant.  perforata  tends  to  support  this  view.  On 
its  ventral  surface  (PI.  XXIII.  %.  2, a)  the  radial  pits  are  more  or  less 
conlluent  Vitli  the  central  canty,  but  dorsally  (fig.  2,  h)  there  are 
six  separate  openings,  a  central  one  and  five  others  around  it  cor- 
responding to  the  radial  extensions  of  the  axial  cavity  above. 

This  question  is  of  interest  in  reference  to  the  hypothesis  recently 
put  forward  hy  Messrs.  Wachsmnth  and  ^ringer*,  '*that  the 

*  "  BeTision  of  the  FaUaoGiriacidea.— Fart  L,"  Fkooeed.  Aoad.  Nat  Sd. 
Fhilad.  1879,  p.  Id  (separate  copy). 
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column  was  in  somo  cases,  aud  perhaps  more  or  less  in  the  Palso- 
erinoids  generally,  subsement  to  nspirataon.*  According  to  these 
anthoTB,  some  of  the  PslnoorinoidB  had  hydrospires  like  those  of 

the  Blastoids  ;  but  there  are  a  large  number  of  forms  in  which  no 
trace  of  them  has  as  yet  been  discovered.  They  suggest  therefore 
that  the  complex  stem  which  many  of  the  Palax)crinoids  |X)sses3 
"  was  a  means  of  communication  between  the  water  outfide  and  the 
internal  organs  of  the  body  tor  some  purpose/'  probably  respiratory. 
hk  some  groups,  such  as  the  Flatjerinidfls,  the  stem  is  destitafte  of 
any  internal  stmctare,  but  Is  simply  pierced  by  a  very  small  central 
canal,  which  lodged  the  vascular  axis.  This  canal  is  of  very  small 
size  in  Fenlacrinus ;  but  it  is  sufficient  to  contain  six  vessels,  a 
central  one  aud  five  peripheral  ones,  which  in  the  nodal  joints  send 
branches  into  the  cirrhi.  In  the  fossil  Pmtacrini  the  central  canal 
of  the  stem  is  very  small,  just  as  in  the  recent  species.  It  is  also 
small  In  £bmmit,  and  Ito  upper  end  Is  enclosed  by  the  circlet  of 
five  under  basds,  each  of  which  bears  a  slight  pit  on  its  ventral 
surface.  These  pits,  which  are  radial  in  position,  are  the  dorsal  ends 
of  the  furrows  that  descend  the  sloping  ventral  faces  of  the  radials. 
At  the  margin  of  the  calyx  they  are  continuous  with  the  more  or 
less  distinct  grooves  along  the  ventral  surface  of  the  skeleton  of  the 
rays  and  arms,  just  as  iu  Comatula  aud  Feniacrinus.  The  radial  pits 
of  .SicrtfiMi  are  thna  precisely  homdogons  with  those  on  the  upper 
surface  of  the  centrodofsal  in  OonuMeu  IS^  instesd  of  being  pits, 
they  were  perforations  through  the  under  basals,  the  lower  surface 
of  the  calyx  would  show  five  large  apertures  sorronnding  a  central 
one,  instead  of  that  central  one  only. 

This  condition,  or  a  parallel  one,  is  precisely  what  we  do  find  in 
some  fossil  Crinoids.  In  Sannocrinus  and  MyrtUlocrinus  *  the 
body  is  pentamerons,  but  the  stem  onW-  tetrammos;  and  there 
are  Ave  apertures  on  the  under  surface  of  the  ealyx.  Judged  by  the 
standard  of  Pentacrinus  and  Rhizoerinus,  the  central  one  is  more  than 
large  enough  to  have  lodged  the  vascular  axis  ;  while  there  are  four 
peripheral  ones  which  lodged,  I  believe,  downward  prolongations  of 
the  coelom.  In  one  species  of  Epnctocrinus  ( E.  midqinis)  the  base 
of  the  calyx  has  five  separate  apertures,  while  in  another  {E.  irregw 
laria)  there  is  but  one  large  cruciform  opening  taking  up  nearly  the 
whole  of  the  top  stem-joint.  This  looks  as  if  the  central  aperture 
had  fused  with  the  four  peripheral  ones.  The  same  must  have  been 
the  case  in  Cupressocrinus^  in  which  the  under  surface  of  the  calyx 
shows  a  four-  or  five-ruyed  perforation,  while  the  stem-joints  have 
four  or  live  separate  openings  around  a  large  central  one.  This 
is  relatively  far  larger  than  that  of  a  Pentacrintis-siem^  aud  is 
sometimes  four-  or  fbe-lobed,  as  if  corresponding  to  the  fbur  or  five 
peripheral  vessels  of  the  yascnlar  axis.  'What,  then,  could  have  been 
lodged  in  the  peripheral  canak  of  the  stem  but  tubular  exten- 
sions of  the  body-cavity  homologous  with  those  which  end  on  the 
centrodorsal  piece  of  most  Comatulat?     In  Ant.  perforata,  and 

*  Sf>o  Qucnstedt's '  Petn&etenkunde  DeutMhlandi^*  Bd.  iv.  **  Astmdan  und 

Eucriuiden;'  tab.  lOS. 
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possibly  also  in  other  species,  they  would  seem  to  have  extended 
into  the  larval  stem.  Whether  they  remained  open  after  the  stem 
was  discarded,  or  wlte^bac  tliflir  openings  were  oloeed  ap  in  the 
interior  of  the  oentrodoieal,  must  of  oonise  remain  nnoertain. 

It  aeems  to  me  yeiy  prohable  that  the  large  and  subdirided 
internal  cavities  of  the  stems  of  JBoryeriniu  and  of  the  other  genera 
mentioned  by  Waehsmuth  and  Springer  may  have  contained  water 
surrounding  the  central  vascular  axis,  just  as  supposed  above  for 
Cupressocrinus  and  for  certain  Comatulcs.  But  these  authors  further 
suppose  that  **  there  was  ample  eosnmnnioation  with  the  snntnmding 
water''  tiuongfa  the  nnmerons  brandies  at  the  base  of  the  stem,  aU 
of  which  are  perforated.  It  is  of  oonzse  possible  that  the  canals  in 
the  rootlets  of  these  large  stems  were  not  solely  occupied  by  the 
vessek,  iis  is  the  case  in  the  radicular  cirrhi  of  Jlhizocrinux ;  but  it 
seems  to  me  far  less  likely  that  these  canals  opened  at  tbe  ends  of 
the  rootlets,  concealed  as  these  were  below  tlie  surface  of  the  ooze. 
The  water  entering  (?)  the  ston  by  these  passages  wonld  hardly 
have  been  very  usefnl  for  respiratory  purposes. 

On  the  other  hand  it  is  not  unlikely  that  the  "  large  poree  near 
the  base  of  the  column,  leading  from  without  into  the  main  cavity 
directly  through  the  walls,"  may  have  served  to  admit  water  into 
the  stem  and  thence  into  the  ccelom.  The  observations  of  Waehs- 
muth and  Springer  that  the  complex  perforated  stems  occur  almost 
exclusively  in  those  forms  which  are  destitute  of  hydrospireB,  or  of 
pores  in  tbe  caljrx,  seem  to  point  to  this  cenclnsioii;  bnt  there  is 
another  possible  mode  of  communication  between  the  otslomand  the 
exterior,  to  which  they  do  not  refer. 

All  recent  Crinoids  known  to  us  have  very  minute  ciliated  pores 
scattered  over  the  perisome  of  the  disk  and  the  bases  of  the  arms  and 
leading  into  the  ccelom.  Miiller  *  has  pointed  out  the  correspondence 
of  this  system  of  pores  with  the  hydrospires  of  the  Cystids  (e.  g, 
Oarffoermug)^  and  fiirther  researdi  may  revesl  their  presence  in  IlLOse 
Falecocrinoids  in  which  no  hydrospires  have  yet  been  discovered. 
80  far  as  I  know,  they  have  not  been  looked  for  in  these  forms  in  the 
same  positions  that  they  occupy  in  recent  Crinoids,  these  parts  being 
rarely  well  preserved.  In  the  recent  species  the  pores  are  scattered 
about  on  the  surface  of  the  disk  and  arm-bases  in  tbe  neighbourhood 
of  the  ambulacral  grooves.  When  the  perisome  is  plated  as  in  Pen- 
tacrimu  and  many  Comatula  the  water-pores  ocoor  on  some  of  the 
anambulacral  plates  which  are  dose  to  tlie  side  plates  of  the  grooves. 
In  the  Pakeocrinoids,  however,  the  surface  of  the  body  bearing  the 
grooves  wns  not  the  external  surface,  as  it  was  covered  in  by  the 
vault  of  rigid  heavy  plates.  But  there  must  have  been  a  free  ad- 
mission of  water  beneath  this  vault  by  the  so-called  ambulacral 
openings  where  the  food-grooves  of  the  arms  extended  over  the  disk 
towards  the  snbtegminal  month.  May  not  the  areas  of  the  body 
between  these  grooves  have  been  provided  with  ciliated  pores  lesding 
into  the  ccehmi, like  those  of  recent  Crinoids? 

*  '<17«ber  don  Bau  der  Echinodermen,"  AUundL  d.  komgU  Akad.  d. 
WiMenioh.  sn  Bnrlin,  1864,  p.  64  (tepanito  copy). 
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In  Peniacrinus  and  in  the  GomatuUs  the  water-pores  are  numerous ; 
Imt  in  lihizocrinus  there  is  only  one  in  each  interradius,  and  in 
correspondence  with  them  tlierc  are  five  open  tubes  dcpendin?  from 
the  water-vascular  nw^  into  the  coelom.  Those  water-tubes,  which 
are  more  numerous  in  Fentacrinus  and  in  tlie  Comatula^  serve  to 
admit  water  into  the  ambulacral  system.  Wadumuth'sobeervations 
render  it  probaUe  that  there  were  five  in  AtHnoorinut  as  in  RhizO'- 
erimi$^.  Hay  one  not  infer  from  tin's  that  there  were  five  (or 
more)  water-pores  on  the  disk,  through  which  water  was  admitt^'d 
into  the  c(Blom  on  its  way  to  enter  the  ambulacral  rin^  by  the  water- 
tubes? 

EXPLANATION  OV  PLATE  XXHL 

Fig.  1.  Aniedon  incuri  a,  n.  ep.,  from  tbo  Upper  Greensand,  Blaclcdown.  Cen- 
ttodOfial  and  radial  pentagon,  a,  from  above  ;  b,  from  beneath ; 
c,  (mm  the  side,  interradial  view  ;  d,  from  tbo  side,  radial  view.  x6. 

2.  Antedon  perforata,  n.  sp.,  from  the  Upper  Chalk,  Margate.  Centre- 

dortaL  a,  ventnl  lurf see ;  ^  donal  nir&oe.  X2.  flirriiti»«ock0t» 
enlnrprd. 

3.  Antedon  Lundgreni,  n.  sp.,  from  the  Upper  Cball^  Ifargate.  Centro- 

doanal  and  single  baau.  a,  vei^nl  nirfoce ;  b,  donal  mniiftoe ;  e,  from 

the  side.  X4. 

4.  Oirrhus-socketa  of  AnfrJon  rvgo$a. 

5.  A:^edon  etriata,  n.  ep.,  froiu  the  Upper  Chilk,  D^rer.  Centrodoraal. 

Of  Tsntnl  turiBice ;  6,  donal  sar&oe;  0,  from  the  side.  xS.  4  cb^- 
rlMis-Pockct.  enlarged. 

6.  Antedon  iaiicirra,  n.  sp.,  from  the  Chalk  of  Wiltshire.  CentrodorsaL 

a»  Tentnl  socfaee;  %,  domd  flor&oe;  e,  firam  the  M0,  inlemdial 
view.  x& 


»  "  The  Oral  and  Apical  Systums  of  the  Echinoderms,"  Quart.  Joum.  Microac. 
Scieuee,  t6L  ids.  ppti  186^  18& 
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41.  On  ike  Zmxm  ofMAsxn  "Eoesus  in  ih$  CAuamaoiM  SAnsBToia 
Sbbibb  of  Em.  By  Jab.  W.  Eibdt,  Esq.  (Read  Juno  23, 
1880.) 

.   (OoammmoBted  hf  Prof.  T.  Bnpeit  Jones,  FJLa,  F.G  jS.) 

Teb  presenoe  of  marine  beds  in  the  Calciferous  Sandstones  of  the 
east  of  Scotland  has  been  notioed  by  Tarioua  anthora.   The  olBoen 

of  the  Geological  Survey,  for  example,  draw  attention  to  their 
occurrence  in  the  neijjhbourhood  of  Edinburgh  and  in  East  Lothian, 
in  their  memoirs  of  tliose  districts*.  The  Rev.  Thomas  Brown 
also  gives  an  account  of  several  beds  containing  marine  fossils  in  his 
paper  on  ihe  Carboniferous  strata  of  Eife  t ;  and,  more  recently, 
Mr.  R.  Etheridge,  jan.,  has  pnbUshcd  a  paper,  in  the  Journal  of  this 
Society,  on  the  InTertebrate  fanna  of  the  rocks  of  this  series  in  the 
Tieinity  of  Edinburgh,  which  indndes  all  the  marine  spedes  known 
to  him  from  that  district 

As  snpplementarj-  to  these  and  other  notices,  I  propose  in  this 
paper  to  describe  the  marine  beds  that  I  have  met  with  in  an  ex- 
amination of  the  Calciferous  Sandstones  of  the  east  of  Fife.  These 
beds  I  shall  notice  in  their  descending  order  of  position,  together 
inth  snoh  details  of  the  intermediate  measures  and  fossUs  as  may 
assist  in  the  attainment  of  a  general  idea  <Mf  ti^e  palnontdogy  of  the 
formation. 

In  the  east  of  Fife  these  rocks  form  the  coast-h'no  from  near  St. 
Monan's,  on  by  Fife  Ness,  to  St.  Andrew's  ;  but  the  most  complete 
section  is  that  exposed  at  their  first  outcrop,  at  a  point  east  of  the 
first-named  place  to  Anstruther,  a  distance  of  two  miles  or  more. 
The  strata  o(  this  section  dip  to  the  west,  nsnally  at  a  high  angle, 
and  tiie  thickness  exposed  exceeds  8800  feiet  TTnfortnoately  at 
this  depth  the  dip  is  reversed,  so  that  the  junction  of  the  basement 
beds  of  the  series  witb  the  underlying  Old  Red  Sandstone  is  not 
seen.  To  this  extent  the  section  is  incomplete,  and  there  is  no  other 
on  the  Fife  coast  to  show  what  is  here  wanting  ;  so  that  there 
may  posiiibly  be  marine  strata  of  still  earlier  date  in  the  Carboni- 
f erons  series  of  the  east  of  Soo^and  than  any  to  be  noticed  in  this 
paper. 

Notwithstanding  the  great  thickness  of  strata  shown  in  this 
section,  the  whole  of  it  is  probably  included  in  the  Cementstone 
Group"  of  the  Geological  Survey.  At  least  there  is  'nothing  seen 
like  the  lowest  or  *'  Cornstono  Group "  as  described  by  Prof. 
Geikio  and  his  colleagues  in  the  memoirs  on  the  districts  south  of  the 
Forth.  The  lowest  strata  exposed  at  Anstruther  are  pretty  much 
the  same  in  character  as  the  measores  above,  though  perhaps  rather 

*  Geology  of  tlie  Ncighbourliood  of  Edinburgh,  1861,  pp.  18,  SO,  146.  Qeo- 
lAgy  of  East  Lotfaun,  1866,  pp  28.  73. 

t  Trans.  Bo>-al  Society  of  E<linburgh,  18C0,  TOL  xxii.  pp.  396-400L  See  also 
Quart.  Joum.  Qeol.  8oc.  ISoU,  toI.  xv.  p.  59. 

^  Quart.  Journ.  QteoL  Qoc.  1878,  toI.  xxxIt.  p.  1. 
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more  aigiUaoeons ;  and  the  thin  impure  limestones  or  "  eement* 
stones"  oooor  within  fifty  feet  or  so  of  the  outcrop  of  the  bwest 
beds. 

Punwwmc  ahd  Ahbtbuihiib  Sacnov  (See  fig.  2,  p.  671). 

•  The  highest  beds  of  the  Galeiferons  Sandstones  are  seen  to  the 
esst  of  the  Goal  Farm,  midway  between  St.  Monan's  and  Pitten- 
weem,  rising  from  beneath  a  thick,  light-coloared,  subcrystallme 

limestone  (apparently  0(|uivalont  to  the  Gilmerton  Limestone  of 
Mid  Lothian  and  the  Hurlet  T^imestono  of  the  west  of  Scotland) 
which  is  ^iven  as  the  hase  of  the  overlying  series  in  the  Fife  maps 
of  the  Geological  Survey.  In  this  bed  are  great  quantities  of 
ZdHhodmdron  junemm  and  other  corals,  (hMt  ren^nnata,  Bhyn~ 
ehonella  pleurodSoit,  AOiyrtM  Boymi,  and  other  species  <dianuiteristie 
of  the  Carboniferous  limestone.  In  the  shale  immediatdy  bdow 
are  numerous  examples  of  MijaciUs  snlcatus,  Avicidopecten  arenomg^ 
MynUna  Vernemli,  Schizoflus  axinfionnts,  and  Lhujiila  squami- 
fonnisy  which  may  be  taken  as  belonging  to  the  same  zone  of 
fossils. 

Then  follow  nearly  100  feet  of  sandstone  and  sandy  firaol<B|y  or 
shale,  containing  traces  of  Lepidodendrm  and  SUgmamia,  Tliese 

form  the  highest  strata  of  the  Calciferous  Sandst/ones,  if  we  take 
the  thick  limestone  already  mentioned  as  the  bfise  of  the  overlj-ing 
series,  which  is  probably  as  good  a  conventional  line  of  division  as 
could  be  chosen.  We  then  reach  about  4  feet  of  dark  shale,  with 
two  bands  of  limestone  containing  marine  fossils.  This  is  the 
hi^est  marine  zone  of  the  series,  and  from  it  have  been  obtained 
the  following  species,  aU  of  which  are  common  to  the  Carboniferous 
limestone : — 

Foatilt  of  Zone  iVo.  1,  97  fe^t  Mow  the  base  of  the  Carboniferoue 

Limestone. 


NavitihiB  quadratus,  Firming. 
Loxonema  rugifera,  J'hiUips. 
Aviculopeoten  interstitialu,  PkiU^ 

 dopilis?,  M'Co^. 

Avicula,  Bp. 

Fteronites  perauloatiu,  H'Coy, 
Area  Lax^ordairiana,  De  KotUnei. 
Cyphcardia,  ap. 
B&Hmdia  rudis,  APCoy. 
Nucttla,  Bp. 

Sanpiiinolitos  trit»etatus,  Porflock. 
Bh^'nclionella  pleurodon,  rkiU. 


Productus  loneifsninns,  Sotr. 
— —  BemireLicuiaius,  vur  concinnus^ 
Sow. 

 punotatus,  Martin, 

 aculeatus,  Mart. 

Terabnifeula  hMlata,  Sewerhf. 
Chonetes  politn,  M'Cot/. 
Spirifera  tri^onuiis,  Martin.. 
Atbjrit  ambigua,  Sam. 
Feneatella  plebeia,  M'Coi/. 
lithodendron  junoeuoi*  Flem, 


200  feet  of  measures  intervene  before  the  next  marine  zone  is 
reached.  These  measures  consist  chiefly  of  sandstone  in  tbick 
beds,  shale,  and  four  thin  coals  and  their  fireclays.  The  only 
fossils  seen  in  them  are  the  remains  of  LepidoiUndron  and  Lepido- 
phyUum*  Then  follows  a  two-feet  bed  of  hard,  grey,  orinoidal  lime- 
stone. From  it  and  the  shale  immediately  associated  with  it  there 
have  been  obtained  the  following  fbesils : — 
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Belleroplion  tlcriis.'i.'itus,  fVem. 
Mocrochoilua  imbricatufly  Sow, 
Pleurotomaria,  Bp. 
Orthis  resupinata.  Mart. 
Productiis  Beiniretumlatii%  lut,  eon- 
ciimuB,  Sow. 


Ghonetefl  polita,  JUPCoy. 
Loperditia  Okeni,  MikiuUr, 
Crmoidal  remains. 


About  30  feet  of  shale  and  sandstone  intervene,  oontaining 
Sphenapteris  affinis,  Stip^mjinan  rootlets,  and  other  obscure  ])lant- 
rcmains.  Below  which  come  20  feet  or  more  of  grey  shale  with  ribs 
of  calcareous  ironstone,  and  near  the  base  a  two-feet  bed  of  lime- 
stone contaiiuDg  a  uumcrous  suite  of  marine  fossils. 


IbaaOi  cf  Zone 

Belle ro]ihon  decusKttus,  Flem, 
DeuUiliuin  priscum,  De  Kon. 
EuoniplialuB  carbonarius,  Sow. 

catillufl,  Mori, 
Ifiicrocheihifl  nciituf*,  S(ni\ 
Murchisonia  striatula,  JJe  Kon. 

quadrioBrinata,  M^Coy, 
Naticopsis  plici.«tria,  PhilL 
Pleurotomaria  Yvanii,  JUv. 
ATieula  recta?,  M'Coy. 
AviealopectenctmatosP,  Elk, 
 sp. 

Cjprioardia  oblonga,  M'  Coy. 
Edraondia  rndie,  M'Cojf. 
Tjed;i  ntfpmintn,  Fh-m. 
Myalina  sublamelloBa,  Eth. 
~  \  peraideatua,  M*(kt^, 


3,at920fiet. 

Sanguinolites  abdensis,  Elk. 

 plioatos,  Portkek, 

 §p. 

Schizodus  axini  formic,  PJUtt. 

langiila  mytiloidos,  f^ow. 
Froductiu  semireticulatua,  rar.  oon- 
dnnne,  8ow» 

 Youngianus 

Fenostella,  ep. 
Orinoids. 

Bairdia  plcbeia,  Heiiss. 
Beyrifhia  radiata,  J.  Sf  K, 
Kirkbva  perniiaua,  JoiU». 
Leperditia  Okeni,  JIAiMt 

 ,  Yfir. 


Serpulites  carbouoriuSf  M'Coy* 


The  most  characteristic  species  is  Sanf/in'nolifea  dhdensis.  which  is 
found  in  great  niini])ers.  Proi/ttrti's  sfudr'  tic}>Ja(u.^  is  abundant  in 
and  near  the  limestone;  but  Lamellibrunchs  are  the  prevailing 
touSk,  There  are  no  oorab. 

Nearly  150  feet  of  tdtemating  strata  of  shale  with  hands  and 
nodules  of  xronstone,  sandstone,  and  fireclay  intervene,  among 
which  are  throe  or  four  coaly  beds  with  underclays  containing 
Stigmarian  rootlets.  The  only  other  fossils  noticed  are  Lepidodni- 
di  on  sp.,  Ca/f<7n/7«'.<  8p.,  and  tSpln  imjiteris  ajjinis^  as  well  fis  some 
obscure  seed-vessels.  There  then  occur,  in  the  middle  of  a  thick 
bed  of  shale  containing  the  remains  of  plants  near  the  top  and  below, 
the  following  marine  spedes : — 

JfbsnU  of  Zone  4,  at  f)00  feet*. 

Lingulu  uiytiluides,  Sow.  \ 

From  the  last-named  bed  across  the  outcrop  of  nearly  1800  feet 
of  strata  (exposed  in  front  and  to  the  west  of  Pittenweem),  I 

*  Zones  1 ,  2,  3,  &  4  are  aeen  tietwssD  tide^narki  and  In  the  lour 

distance  west  of  Plttenveem. 
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have  not  seou  any  deposits  that  ean  be  described  as  marine  from 
iheir  organic  Femains.  These  strata  consut  of  repeated  altamatioiia 

of  white,  yellow,  and  purplish  sandstones,  and  grey,  purplish,  and 
black  shales,  fireclays,  and  occasionally  marls,  with  ironstone  in 
bands  and  nodules.  Several  of  the  sandstones  form  beds  from  30 
to  100  feet  thick  ;  and  in  one  or  two  cases  they  become  eoarse  and 
gritty  and  full  of  quartz  pebbles  ;  they  arc  also  characterized  by 
false-bedding,  and  many  of  them  arc  beautifully  rippled. 

Intercalatod  in  this  mass  of  strata  are  eis^teen  or  more  thin 
eoak,  from  3  inehesto  a  foot  in  thidmees,  eaoh  with  its  nnderday 
full  of  Stigmarian  rootlets  :  and  at  vaiiouB  horisons  there  are  heds 
of  limestone,  some  of  whioh  are  highly  ailioeonSy  and  all  more  or 
less  impure. 

The  remains  of  plants  are  scatte  red  pretty  generally  througli  the 
argillaceous  beds  of  these  strata,  though  often  in  ver^'  imperfect 
condition.  Of  the  determinahle  forms,  Lepidodendnm  and  l^h$inH 
pterU  affinit  are  bj  far  the  most  common ;  a  species  of  Quamiiet 

occurs  rarely ;  and  some  of  the  shales  overlying  the  thin  coals  are 
full  of  the  Hattonedand  coarsely  furrowed  trunks  and  short  upright 
stools  of  larpre  trees.  The  scales  and  teeth  of  small  (inuoid  fishes 
are  found  in  various  beds  ;  the  remains  of  J{hlzt»lus  Uihherti  and 
other  large  fishes  are  of  rarer  occurrence.  A  few  species  of 
Ostxacoda  are  ahimdant  at  certain  horizons,  L^f»dUia  Okcni,  var. 
aeotchurdigalentit^  hemg  the  most  characteristio.  The  following 
are  the  most  notable  fossilifcrous  zones  in  this  section  of  strata  :— 
At  828  feet  there  is  a  two-feet  bed  of  shale  and  blaekband  iron- 
stone cont  lining  Anthrnromya  .tcotiat,  Lejh  rd'itia  Olcni,  var. 
8cotof>urdl(/(il€miSf  (Jarbonia  fahulina^  (J,  iiaiikiniaiuit  and  Lepido^ 
dendron  sp. 

At  923  feet,  in  a  grey  shale  witii  ironstone  hands,  immediately 
overlying  a  carious  peeudo-breeoiated  limestone,  there  are  fonnd  tlie 
following  species : — Rliizodns  HMerti  *,  CtenacanihuB  sp.,  Leper* 
dUia  Oke7u\  var.  sa)tohurdigalen8i8*f  Lepidopkylhtm^  Sphienopterit 

nffinh,  and  other  plant-remains.  The  si)ocies  with  asterisks  are 
exceedingly  a])undaiit  in  this  bed  ;  tho  Lrjx  rditia  is  also  equally 
prevalent  in  a  stratum  of  dark  shalo  about  ten  feet  below. 

At  rather  over  2100  feet,  behind  the  oast  pier  of  Pittenwecm 
Harbour,  there  is  a  bed  of  dark  caloareons  dude  foil  of  the 
remains  of  a  cnrions,  linear,  polysoiform  plant,  which  is  probably  a 
fhcoid. 

A  little  below,  at  2120  feet,  tho  scales  of  JiJiizoilus  HihUrti  again 
occur  in  Vilack  shale,  alon-r  with  the  remains  of  MhadinidUhys 
6m'/s  ?,  Traquair,  and  VtrumJa,^  sp. 

Then,  at  the  depth  of  22bU  feet,  one  of  the  most  important  marine 
zones  of  the  series  comes  into  section.  This  deposit,  which  the 
Hev.  Thomas  Brown  first  described,  consists  of  about  20  feet  of  dark 
shale,  with  layers  of  ironstone  nodules  and  two  or  more  thin  bauds 
of  limestone.  l)ire(  tly  beneath  it  is  a  twi  lvc-inch  seam  of  coal, 
resting  on  a  thin  shalo  or  tirechiy  full  of  Stigmarian  rootlet*! :  it  is 
well  exposed  in  the  clitis  and  between  tide-marks,  a  little  to  the 
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east  of  PiUenweem  Harboar,  where  it  lias  yielded  me  the  IbUowing 
foaails: — 


FosaiU  of  Zone  5,  ai  22S^fe€t  (tho  Enerinite-bed  of  Mr.  Brown'a 

paper). 


Nautilus  quadmtus,  Firm. 
Ortliocera.-"  ulLenuatuiu,  Flcm. 
Bellerophuu  deouMltua,  Flem, 

  I'rii,  Firm. 

Dentuiiuui  priscum,  Goldfusg. 
Loxonema  toaluoidea,  PkUl^  and 

vririety. 
Macrocheilus  aoutus,  Sow. 

 fbrifonnifl,  An». 

Muzchiaonia  ifcriatula,  Jk  Km. 

 sp. 

Naticopaia,  sp. 
Pleurutoman*  Tnmii,  L6v. 
Ayiculo{)ecten  aroiiosui,  PkiU.  , 

 gFttao«Ufl,  I^hUL 

 SmbmtuB,  PkOL 

CypricanUri.  sj). 
Leda  attenuata,  Fiem. 
Leptodomm  ooitellatui^  M^Ooy. 
Nuoula  gibboaa,  Flem. 
Schizodus  unioniforinis,  PhilL 
- —  ciirbouariua  Forii. 
Yenus?,  ap. 


Athyris  ambigtta.  Sow. 
Discina  nitida,  I'hiU, 
Productus  semintioalatiu^  far.  Mar- 
tini, SotC. 
SpiriferiTKi  cri^itata,  Schlotheim. 
Strept^^rh  vuobiia  eniuatria»  ifttfl. 
Bairdia  plcbeia,  B9UU» 

 Hisingori,  MilmL 

— —  brevis,  J.  tf*  K. 

  subelougata,  J.  tf  K. 

JBejrrichia  subarcuiita,  Jonu, 

 nitliiita,  J.  ij-  K. 

Cy there,  sp. 

Archa'ocidurig  Frii.  Flem. 
Actmocrinus,  Poteriocrinus,  Platr- 

eriniu  (fragmentary  femaina  of  tha 

Calyx  and  ;(tomof  i^pecieabalongiDg 

to  these  three  geuoni). 
Spirorbis  helicteres,  Salter. 
Stenopora  tumida,  Phill. 
Plants  -largeand  sinnll  fnin^nonts  of 

8tciua,  beioiigiug  to  Lc^uiodeiidron 

and  Dttdogj/hii, 


Tho  Crinoidal  remains  are  von'  almmlant  about  and  in  the  lime- 
stones. The  most  characteristic  fossils  among  tho  Mollusca  arc  the 
species  of  LedUf  NucuUiy  Discimiy  I'rudactiiSy  and  S2yin/erl)uiy  some  of 
which  more  especially  mark  certain  horizons  of  the  tied. 

Most  of  the  speeiea  are  found  in  the  shale  close  to  the  coal,  as 
well  as  higher  up,  though  some  of  them  are  there  rather  dwarfed, 
the  Univalves  and  Crinoids  more  particularly.  One  of  the  most 
common  fossils  in  this  ])osition  is  the  Productus,  which  occurs  with 
its  lon<>;  and  slender  spines  attached  to  the  shell,  within  an  inch  or 
80  of  the  cool. 

A  little  to  the  east  of  the  Bock  and  Spindle,  near  St.  Andrews, 
there  ia  a  shale  with  a  band  of  crinoidal  limestone,  -whidh  I 
take  to  be  the  same  bed  as  this.  In  it  are  found  tho  following 
species  :--OrtAoc<r<w  aUmnatuniy  Bdlerophon  Urii,  B.  dccussatiiSy 
DtntaJium  sroticum,  Euo)/tp7iah(.<f  ftcut"S,  Muirhu<unia  striatuta^ 
Avkulopecteii  (jranosm,  A.  sp.,  Edmoailla  rudis.,  Lnhi  atttniiata, 
Schizodus  axinlformis,  L'uvjala  mi/tdoidvSy  Prudu/ctas  Stmireticur- 
httusy  var.  Mariiniy  S^nnfenna  cristatUt  lihyruJumdla  pUurodoUf 
FenesUUa  tiU>emUoearinata,  Stenopora  iumtda^  and  a  few  small 
Gkmoid  scales.  The  oiinoidal  remains  are  smaller  than  at  Fitten- 
Weem,  but  apparently  belong  to  the  same  genera. 

About  U)  feet  below  the  Encrinito-bed  is  a  four-inch  band  of  very 
hard  limestone,  full  of  th<_'  sliells  of  Mi/'ilina  iuodiulifonnis.  Tliis 
is  the  highest  horizon  at  which  I  have  obsi-rved  this  gregarious  shell, 
so  characteristic  of  tho  lower  portion  of  the  Caiciferous  Sandstones. 

2^2 
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7.       ZISXBT  OV  XABIIIB  VOflBZIB  Of  TBI 


JbffOf  ofZoM  6,  al  2320 


Natioopais?  sp. 

lljalinft  modiolilbriiiis,  .S^vwfik 
Oubonia  TfaiiiMwiana,    #  JT. 


Carbonoria  subula  ?,  J,  4'  K. 
Ganoid  ■eaka. 
nant-iemuiit. 


Twenty  feet  or  to  ftartber  down  u  another  impure  limeitone,  aiboat 
six  inches  thick,  in  which  a  little  imiyalTe,  LUtorina  tootofnardiga- 
Zaww,  is  the  prevailing  fbesil  *. 


Fossilt  of  Zone  7,  at  2350 fuL 


Uttorina  scotobnwHgalandi^  Eik. 

•  biliiseata.  sp.  nov. 

Kirkbvii  spiralis,  J.  K. 

The  strata  asfiociatod  with  the  marine  zones  Nos.  5,  6,  and  7 
coTitnin  the  remains  of  plants,  Entomostraca,  and  other  foH^ils  :  hut 
this  juirt  of  the  section  is  so  illustrative  of  the  way  in  which  heds  of 
different  structure  and  fossil  contents  alternate  throughout  the  whole 
seriee,  that  I  give  the  following  details  of  it : — 

SeOion  ofStnOa  urn  in  the  eUfft  to  ths  eati  of  PiUttMmm. 

ft.  in. 

1.  Kod  Sandstone   40  0 

2.  Qrey  Shale  with  ■mditone  bands  above  and  mnutoDO 

buids  and  nodules  below.    Fragmentary  remaina  of 

snnnll  Gnnoid  figlios,  anH  I^pcrdifia  Okcni,  rar.  »coto. 

burdigalcnais    1(}  0 

8b  Slack  Shale  with  ironstone  biinds.    Qtuftdd  aodfli^ 

/,'7>    scofoh'Tdigalama,  Btjfiickia  mtbarctutta,  aod 

Leuuiodendron   2  0 

4.  Oodt   2  0 

h.  Grey  Sliulo  nr  Fireclay.  Stigmarian  roots  and  rootlflte, 

and  LepidoiUndron   1  6 

ft.  Sandstone,  flaggy,  and  with  partings  of  shale  aboreu 

Stigmariaa  roots  (lai^)  and  rootl^  tnd  fra^nento 

of  fnrpp  «t*niB   11  Q 

7.  Grey  Shnlo,   sandy  above,  with   K'uuls  of  ironstone 

nodules,  and  two  thin  be<l8  of  orinoidal  limestone. 
Rj)e<'ies  of  ()rfhn>  erim.  Nmifihii^,  L(o  onema,  Mavvfichri- 
liis,  Lcda,  Schuodm,  Ui.'<citia,  Prodvctiu^  S^firiferina, 
Bairdia,  Bejjfriekia,  AcHmoetimu,  BoUrioerfyvm^  Ar^ 
vhp<Kiiaid^  Bbtinopi^    20  0 

8.  Coalt   1  0 

9.  Grey  Shale.   Sti|E>Tnariui  rootlets    0  6 

10.  Sandstone.    Sfifrniiu  i  in  rootlets    20  0 

11.  ( 1  rev  Shale  and  11  1  ^r!-^v  bed?   5  Q 

12.  Grey  Sliale  with  ironstotio  huiids.    Mi/aliiia,  Spheno- 

I'firiti  affinUtVoA  other  obscure  remains  of  plants   15  0 

13*  BliK'V.   rarbonri'-eous    Shale,    laminated.     LaySrs  of 

Mj/uliuu  modioli/ornii&  and  coproUtes   0  6 


*  Dr.  Traquair  drew  iny  nltention  to  this  bod. 

t  These  two  coals  have  evidently  been  worked  in  former  timep,  for  botb  are 
now  represented  by  "  waste  **  rather  than  coal ;  and  one  of  the  old  ahaits  may 
be  seen  in  sedaon,  as  sipossd  bj  a  &U  of  tbe 
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ft.  in. 

14.  Band  of  Ironstone  and  black  shale.    Ltetk^  Ld^fi,  Cbr- 

bonia  sp.,  and  otner  Eatoniostraca   0  4 

15.  Band    of  yery  hard,    impure    Limestone,    ftdl  of 

M//ali7i(i,  along  with  sjjecies  as  per  list  of  zone  ft     ...        0  4 
18.  Blat'ik  Shale,  luininiito<l.    A  tew  Afi/aliruB,  &Bb.-mxuaaBt 

Lepidodcndron,  and  I^pidostrobm    0  10 

17.  Orey  Shale  with  ironstone  nodules    2  0 

18.  T^lack,  shiTery,  high]j-4iarboiiaoeoiiiShale    1  6 

lU.  Ironstone    0  6 

30.  light  grey  Kndaf,  with  ironstone  nodulM   8  0 

21>  Light  grt«y,  siindy  Bhalc,  with  a  .'i-inch  band  of  calcareous 

ironstone,  full  of  a  small  bivalve,  possibly  a  dwarfed 
form  of  PUurophorui  dfgans,  and  stray  examples  of 
Liiforiua  scvfohttrdigoiensis  ;ind  plant- remains   7  0 

2<2i  Grey  Shule,  with  an  ironstone  band  iull  of  Leperdida 

Okmi,  var.  scofofmrdiyaloii^U    3  0 

28*  Hard  grey  LiineHtone.    Litforitia  ncotolmrdigaleimtt 

L.  bilitnafa,  Kirkhya  »pirali.\  leperdida  Okeni    0  9 

24.  Black,  laminated  Shale  and  bluckbaud  ironstone. 

Ganoid  nalea,  eoprt^tes,  and  LepUUtdtnirm*   1  9 

2o.  White  Sandstone   3  0 

26.  light  grey  Shale  with  ironstono  bauds   4  0 

27.  Very  ooane  OonX   1  0 

28.  Dark  Finday   1  0 


The  above  strata  are  seen  just  to  the  east  of  ritteuweem. 
Beneath  them  are  about  450  fbet  of  measures  with  no  marine  beds. 
In  these  measures  tiiere  are  more  shale  and  fireclay  than  sandstone, 

thoagh  the  alternations  of  argillaoeoos  with  arenaceous  strata  ure 
numberless.  Nearly  all  the  shales  are  charged  with  ironstone  bands 
and  nodules,  and  some  of  them  are  highly  bituminous.  Ten  tliin 
coals  occur  in  this  part  of  the  sectiou,  most  of  which  rest  on  iireclay 
with  IStigmariau  rootlets. 

Plant-remains  are  very  generally  distributed  throughout,  though 
the  spedes  are  few  as  before.  The  remains  of  SUgmaria  are 
common,  not  only  in  the  fireclays  underlying  the  coals,  but  in  other 
beds.  Ltpidodendron  and  LepUlophyllutn  are  found  in  many  of  the 
strata,  and  SphenopUris  affinis  and  C>ich>i>tei'is  fitihrUata  are  not  rare 
in  a  fragmeniar}'  state ;  the  latter  spocits  has  not  been  fouud  much 
above  the  line  of  2250  feet.  There  are  also  the  teeth  and  scales  of 
small  Ganoids  at  various  horizons,  often  associated  with  plants ;  and 
the  carapaces  of  Ostraood  crustaceans  are  very  plentiful  in  some  of 
the  black  shales  and  ironstones.  Leperdltia  Okeid^  var.  scotohurdi- 
ffoUmisy  is  the  meet  prevalent ;  the  other  s])ecies  are  Betfriehia 
tuharcuatay  Cifthere  superha^  and  Cnrhoniix  stdnda. 

Helow  tlie  above  measures,  and  at  a  depth  of  over  2800  feet, 
there  comes  into  section  a  bed  of  shale,  about  ten  feet  thick,  with 
two  bands  of  calcareous  ironstone.  This  deposit  contains  the  fol- 
lowing marine  species : — 
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FouiU  of  Zone  8,  at  2815 


OrthoceraB,  Bp, 
BeUerophon  Urii,  Flem. 

 docusaatua,  Fiem. 

Macrocheilus  acutus,  Sow. 
Mun  liisonia  ptriiitula,  De  Kon, 

 elongata,  I'ortlock* 

ATicula,  sp. 
ATHnilopeoteiDt  sp.  nor* 
 sp. 

Oyi>ri(»rdia  glabrata,  M*Co^. 
Edmondia  radis,  M'Coy. 
Leptodomiif  OMtellaUu*  M'Cojf. 


MjTilina,  Bp. 
SchizotluH  Salteri,  Ffh. 
Fenestella  tuborciilo-cariuata,  EiA. 
•    plebeiji,  M'Coi/. 

  M(  " "  * 


[orrisii,  M'Coy. 
Archieopura  nexilis,  De  Kon. 
Synomdia,  ap.  nor. 
idveolites  popto?a.  Flem. 
Stenopora  tumida^  ^hiU, 
Orinoidaw 
Leperditia  OkMii» 
SeyridiiA,  ap. 


The  Polyzoa  and  tho  Coral,  Stenopora  tamtdia,  are  by  far  the 
most  common  foaails  of  thia  xone,  some  of  the  surfaoea  of  boUi  the 

shalo  uikI  the  ironstone  "beinp^  covered  with  their  remains.  The 
crinoidiil  fragments  arc  also  very  abundant  in  tho  ironstouea,  where 
most  of  the  shells  are  also  mainly  found. 

More  than  200  feet  of  strata  intervene.  Tho  sandstones  of  this 
maaa  areyelloWf  purple,  and  grey  in  oolonr,  finely  rippled  in  places, 
and  often  with  thick  shaly  partinga.  The  shales  are  charged  with 
ironatones  chiefly  in  baada.  There  are  three  coals  resting  on  fire- 
clays, none  of  them  exceeding  a  few  inches  in  thickness.  Stigmarian 
rootlets  prevail  in  the  vicinity  of  the  thin  coals,  and  CtfclojUeris 
ilalu  lhila  is  exceedingly  common  in  some  of  the  grey  shales.  Along 
with  this  species  arc  the  rcmaius  of  great  numbers  of  what  appear 
to  be  fem-Btems, 

In  a  bed  of  tough  black  shale,  at  2956  feet,  there  ooeor  the  scales 
of  Bhizodm  J/ihhertl,  with  the  shells  of  Spirorhis  attached,  the 
scales  of  smaUor  Ganoids,  Carhoiiia  Jiankiniana,  Carpclithes  sp., 
Lepi'lopJtyllinn^  and  (UjclopUris  JlahcUata . 

A})out  1^0  feet  lower  down  there  is  about  MO  inclies  of  ]mrple 
shale  containing  ^Sphenopteris  ajjlnis  and  iS.  ddatata  abuudauLiy 
and  in  good  preservation. 

At  over  3000  feet  there  is  a  grey  limestone  (weathering  yellow) 
with  shaly  ])arting8,  and  about  twi  feet  thick,  which  I  take  to  be  a 
marine  deposit. 

Fosis^iU  of  Zone  9,  at  3027  feet. 


L 1 1 1 <  )rinn  pcot  oburdigalciisis,  &h. 
JSaticoptliD  ?  sp. 

Lmerditia  Okeni,  var.  aootobiurdiga- 

lenBiB,  HU>, 
——       ,  Tar.  clongutn, ./.  ^^ 


J>pirorbi.-!  cnrlxiiinrius,  Mitrrh. 
TeiMli  and  sciIm  of  small  Ganoids. 
Ck>prolitea  of  Bhiiodua  (?). 
L^adoBt3N>buib 


The  TJtforiti'r  are  v<'ry  abundant  on  certain  surfaces  of  this  ]>ed  ; 
and  llie  action  of  the  sea  and  the  weather  brings  them  out  beautifully 
in  relief.  Lcpcrditki  0/ani,  var.  scoiohurdijaUmiSy  is  even  more 
abnndant  than  the  univalve,  for  much  of  the  rock  is  formed  of  its 
carapaces.  This  small  group  of  species  is  not  so  decidedly  marine  in 
its  features  as  the  last.  1  consider  it  marine,  principally  on  account 
of  the  prevalence  of  Littorina  iC0t4>burdigalen9i9y  which  in  otiier 
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localities  occurs  along  with  Myalina  nu>diclifarmis,  Sehizodu*  Salteri, 
Orthoceras,  and  otlier  fossils. 

Between  the  labt-uumcd  hmestoDe  and  the  next  marine  bed  the 
mewnzes  are  distorbed,  and  flieie  are  probably  Bome  atrata  wanting 
in  the  oeotion  Tisible.  Batiher  over  100  feet  of  meaaoreB  are  seen, 
consisting  of  alternations  of  yellow  and  purple,  irregularly  bedded, 
and  ripi)lc-marked  sandstones,  with  grey  shales  and  fireclays.  Three 
thin  coals  are  included  in  this  mass  of  strata.  Ci/cloptt  ris  Jlahellata 
and  Stipnarian  roots  and  rootlets  are  the  prevailinpj  fossils.  In  the 
root's  ot  one  of  the  coals  are  the  stools  and  tiattenod  trunks  of  large 
trees ;  and  in  anoHier  are  smaller  atenu  coated  with  Spirorbi», 

Erom  beneath  these  disturbed  strata  there  risee  a  thin  bed  of 
limestone,  oik  foot  thick,  containing  a  decidedly  marine  group  of 
species.  The  limestone  is  grey  (weathering  yellow)  and  very  hard. 
Beneath  it,  separated  by  8  inches  of  black  shale,  containinp:  plants 
and  the  scales  of  small  Ganoids,  is  3  inches  of  coal  resting  on  iireday 
with  rootlets. 

FostSk  (xfZvM  10,  ae  3130 /m<. 


Bellerophon  decussat  us,  Flem. 
Macrocheilus  striatulus,  sp.  nOTi 
Murclii^onia  striatuhs  Dt  Kon. 
KaUcopsis  ?,  sp. 
Cfjorioffdia,  sp. 
Leda  attonunta,  Firm. 
Myalina  sublnmellosa,  Lth. 
Modiola  dirisa,  M'Coy, 


Aricula  recta?,  M'Coy. 
Sanguinolites  abdensis,  Eth. 
Bairdia  subelongata,  ./.  J"  -K* 
li^yriohia  crinita,  J.  4'  iC. 

 subarcuata,  Jotut. 

Oythere  su])erba,  J.  Sf  K. 
Leperditia  Okeni,  MUnti. 
Bemains  of  plants. 


SanguinoUtes  ahdeTvns  is  abundant  in  this  bed,  and  one  layer  is 
full  of  its  broken  shells.  The  curious  fringed  Bt  yrichia^  B.  crinita^ 
is  also  a  common  fossil,  though  not  seen  at  any  other  horizon. 

This  limestone  is  seen  a  little  to  the  west  of  Billow  Ness,  four 
miles  further  east,  at  the  Fans,  west  of  Grail,  it  reappears,  with  the 
black  shale,  coal,  and  fireday  underlying  it  as  before.  The  shale 
oontains  the  teeth  of  Diplodm  and  Clenoptychiiis,  besides  the  scales 
of  small  Ganoids.  And  the  limestone  has  >4olded  the  following 
species: — Orthocrms  sp.,  Belhrophon  decussat xti,  MucroclieUus  stria- 
tidus,  Miirchisoitid  striatula^  M.  quadrivaritixftt,  Lfda  attentiata, 
Modiola  divi-sa,  Myaliiui  crassa'i,  Nucida  sp.,  Sanyuinolites  abdemis, 
Beyridiia  sp.,  LejterdUia  Okeni,  and  Spirorhis  sp. 

About  100  fbet  of  measures  intervene.  They  oonsist  of  purple 
and  greyish  sandstones  alternating  with  grey  and  purple  shales, 
enclosing  one  6-inch  coal  and  a  bed  of  limestone  about  1  foot  thick. 
The  only  fossils  found  in  the  latter  are  Lepidodendi-on  and  some 
other  plants  (obscure),  the  scales  of  small  Ganoids,  and  coprolitos. 
In  a  grey  shale  about  5  feet  above  the  limestone  (^3i•J^^  teet)  there 
aie  casts  of  u  shell  like  Anihracosia  along  with  Stigmarian  rootlets  ; 
and  in  a  bed  of  red  shale  bebw  the  Hmestone  (3192  feet)  there 
occur  stray  and  imperfect  examples  of  a  shell  resembling  Myalina, 
associated  with  S2)lrorhis,  the  scales  of  small  Ganoids,  an  Entomos-^ 
tiaoan,  and  Sphmopterii  affini$. 
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Loweir  still,  at  3230  feet,  in  a  grey  shale  orolying  another  bed  of 
limestone,  MyaJina  modioUformis  appears  in  great  numberB.  Along 
with  it,  and  in  the  limestone,  are  tiie  following  apedes : — 

IbutU  of  Zone  11,  at  3230  feet  (just  to  the  east  ol  the  Target, 

Billow  Ness). 


Leperditia  OlGoni,  Tur.  tootoburdi- 

liepidodoudrou  and  LepidcMtrobiu. 


Myalina  modioli  form  is,  Brotm, 
B^yrichia  subarcuata,  J"t)e*. 
Carbonia  fabiilina, ./.  ^-  K. 
— —  tabula,  J.  K, 
«— Bsnkinianft?  orbaBfdioide»y,Jl#JC 

60  feet  of  measures  intervene,  which  mainly  consist  of  purplish, 
grey,  and  yellow  false-bedded  sandstone  in  a  thick  stratum.  An 
8-inch  coal  lies  a  fow  feet  helow  the  limestone. 

Then  at  32S0  feet  comt's  in  a  2-foet  bod  of  limestone,  hard, 
grey  (weathering  yellow),  and  shaly  at  the  top,  with  a  laminated 
shale  above,  and  a  blaok  shale,  thin  coal,  and  fireclay  below.  In 
these  depoeitB  ooonr  the  foUowiDg  fossils : — 

Fossils  of  Zone  12,  at  '3280  feet. 

In  tho  upper  shiile  : — 

Lingula  squamiformis,  PhiO. 
Beyriohia  aubarcuata.  Jones. 
Leperditia  Okmij  Tsr.  iootobiiidig»- 


SoaleHof  BmuU  Ganoids. 
Ckmrolites  (Rhisodus). 
Spbenoptiaris  aiBiiis  (nure). 


In  tiie  limestone : — 
Littorina  sootoburdigalenflie,  Etk, 

Dithyrocnris  (toothV 
Beyrichia  gubarcuula,  Jones. 
CJjtliere  ?i  sp. 

In  the  shale  below  : — 

Ling\ila  bqimmiformis,  PhiU. 
Myalina  m()diolituriiii.s,  JBtoWH. 
Scnizodus  Salit-ri,  /.'M, 
£eyrichia  subarcuuta,  Junes. 


Loporditia  Okfloi,  jwt,  leoUibiirdigft- 

lensi^,  Illh. 

'     Okeni,  var.  atteuuata,  J.  i)-  K. 
fifpirorbis,  ep.,  attaehed  to  plants. 


Kirkbyn  spiralis,  J,  ^-  K. 
Leperditia  Okeni,  Tw.  eootobiirdiga- 

loiit*ij«,  Ilib. 
Scales  of  email  Ganoids. 


Fig.  1. — Section  ofetrata  at  Zone  12. 


a.  Grey  sbalo  ;  h.  Tnutrb  dark  shalpwith  Lirir/iffa,  fiC.  ;  c.  Litneston'^  (7.  Hand 
of  '<<  hi;odujt  in  black  shalo ;  e.  3-incb  seam  of  coal ;  /.  Fireclay  with 
iSuginiirian  rootlets ;  ff.  Grey  shale* 
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Fip.  1  shows  the  sequence  of  the  beds  forminp;  tliiy  zone,  which 
is  ouly  one  example  of  several  of  the  immediate  succesdiun  of 
marine  eonditioDs  after  coal-gnmtiia. 

The  aame  series  of  beds  with  the  same  fbssil  contents  is  again 

seen  on  the  coast  two  miles  or  more  to  the  east,  near  Caiplie. 

Over  50  feet  of  purple  and  yellow  sandstone  and  grey  shale  inter- 
vene*, and  then  ^Ui/nlin  t  inodiolifonnui  is  n;rain  fmjnd  abundantly 
in  a  thick  bed  of  shale  enclosing  ironstone  nodules  above  and  three 
or  four  bands  of  ironstone  below. 

Fossih  of  Zone  13,  at  3338  fiet. 

Littorina  scutoburdi^lensis,  Eth.  J^^eluatopt^cbiu8  (ireenookii,  Ag. 

MTalina  modioliforaia,  Broum.  '  Ooprolites  (Bhisodus?). 

Beyricbia  subarcuaU,  Jones.  ] 

Leperditia  Okeui,  rar.  Bootoburdiga-  I 

Fifty  feet  of  measures  intervene,  ehiefly  purple  and  yellowish 
sandstone,  forming  the  point  known  as  Billow  Ness.  Immediately 
below  the  sandstone  there  is  a  bed  of  red  and  grey  shale  with  thin 
layeirs  of  red  ironstone,  fbll  of  MyaUna  and  Entomostraoa. 

FmOs  of  Zone  14,  at  ZinOfeetf. 


Cytbere  superba,  J.  4'  K, 
Ooprolites  (Bhixodus?). 


Littorina  scotoburdigalensis,  Efh. 
MyaHna  luodiobforuiis,  Brown. 
Pleurophorus  elegans,  Bp.  nor. 

A  bed  of  limestone  lies  below  the  shale.  The  only  fossils  found 
In  it  are  ooprolites,  scales  of  small  €(anoids,  Lep.  seotohurdiffdUnMU, 

Lepidodendron,  and  Ltpidophijllum. 

Underlying  those  strata  fcdlow  nearly  20  feel  of  fireclay  and 

shale  with  several  band.s  of  coarse  coal,  which  are  full  of  vegetal)!© 
remains,  including  the  stools  and  flattened  trunks  of  trees.  Other 
measures  como  in  beneath,  making  a  tliickness  of  nearly  50  feet 
before  Myaliiui  modioli/ormU  is  mot  with  again,  in  a  bed  of  grey 
shale  and  ironstone  bands. 

Fossils  of  Zone  15,  at  S450  feet  f. 


Myaliua     modioHformis,  Broum, 

small  and  tbin-tbeUed. 
Lepi  nlitia  Okeni,  Tar.  aootobiudiga* 

lensia,  Hib. 


Spirorbis.     sp.,    altacbcd   to  the 
Myalina. 

I/epidupbyllum,  and  firsgmonts  of 

other  plants. 


Twenty  feet  of  yellow  and  purple  sandstone  and  shale,  with  a 
coal  about  a  foot  thick,  intervene.  Many  remains  of  Ln>idodendroH^ 
doZomtto,  and  other  plants  are  found  near  the  top  of  the  sandstone. 
Beneatli  these  beds  there  is  a  limestone,  (I  inelu  s  thick,  containing 
Myalina  ap.,  and  under  it  a  thin  bed  of  marl  with  Stigmarian 
rootlets. 

^Mih  of  Zone  v.,  af  3476 /w<t. 

Myabna.  ap. 

•  Since  the  reading  nf  tliis  paper  a  thin  limestone  bas  be<Mi  expo!>4'd  between 
tide-marks,  about  20  feot  beluw  ihe  strata  toriuing  zune  12.  The  fuliuwing 
■peoies  ooour  in  \t:—Litt€rma  aootoburd^alefuh,  LtperdiHa  Oknti,  van.  e»te- 

bemta  Ktv\  atfemtatii,  Sjiiroi-hiK  ('ar'niiar/ti.'<.  Ganoid  .i.-ales.  and  t niees  of  plants, 
t  Zones  14,  10,  and  10  uro  seen  ou  the  etMt  nido  of  iiilluw  H&a, 
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Between  the  lart-named  limeetoiie  and  the  next  marine  bed  t 

eatimatc  a  thickness  of  120  feet  of  measures,  most  of  which  are  so 
mnch  denuded  as  to  be  hidden  from  view  by  sand.    At  the  west 

end  of  Anstruther  Wester  there  is  a  limestone  15  inches  thick, 
containing  Mifaliim  modioHforniiii.  The  limcijtone  is  ^rcy  (weathor- 
ing  yellow),  hard,  and  with  slialy  partings.  In  it  and  the  under- 
lying shale  aie  the  following  species : — 

i'W/s  of  Zone  17,  at  3600  feet. 


Myalina  morlioliformis,  Broum. 
Carbuuiu  subula,  J.  ^'  K. 
Bpirorbis,  wp.  (Unge). 


Teeth,  8cale8|  and  ^boDoa  of  ■mall 

Qanoida. 
Firagmoito  of  ( 


200  feet  of  measures  intervene,  inolnding  thick  irregularly  bedded 
sandstones,  white,  leddish,  and  yellow  in  colour,  and  shales  and  fire- 
clays with  ironstone  and  sandstone  bands.  There  are  no  coals, 
though  8ti<i;maria!i  rootlets  arc  plentiful  enough  in  the  fireclays. 
At  3750  feet  there  is  a  limestone,  but  its  only  fossils  are  the  scales 
of  small  Ganoids,  Coprolites,  Leperditia  Okenx,  var.  scotohurdiga- 
UnsUf  Beyrichiay  CychpUrig  flabeUata  (large),  Splumpterit  affinis^ 
ibm-atems,  and  OarpolUhu  tuUalta, 

Then  is  reached  the  lowest  limestone  in  which  T  have  seen  marine 
fbssils.  This  bed  is  about  a  foot  thick,  h  ird,  and  grey  (weathering 
red  on  the  surface) ;  it  is  seen  near  high-water  mark  at  Anstruther 
Wcfltor,  a  little  to  the  west  of  the  Dreel  Burn. 

FomU  ofZoM  18,  at  8800 /sel. 


Orthoceras,  sp. 

Maproohpilus  striatulus.  pp.  noT. 
Myaliua  luodiuliiorinis,  UrotM, 
Bairdia  nitida,  J.  ^  K, 


Beyrichia  subarouata,  Jont$, 

Lepcrflitia  Okeni, 
Spirurbis,  sp. 


About  130  fiBet  of  measores  orop  out  below  tbia  limestone  before  the 

dip  is  reversed.  They  consist  of  grey  and  yellow  sandstones  and 
grey  shales,  ^vith  a  thin  band  (6  inches)  of  limestone  and  a  4-inch 
layer  of  coal.  In  tlicra  occur  the  scales  and  plates  of  small  Ganoid 
fishes,  DtiirirJi'ui  $nharc>t<tta^  L^pTdiiia  Okeni,  var.  altenania, 
Carhonia  faUduia,  C.  JimJcinuina,  >Si)lrorbls  attached  to  plants  and 
free,  SphenopUrit  affiniSy  and  Stiymtria.  The  B>'yricJiia  and  a  var. 
of  Lep.  (Heeni  are  fonnd  in  the  lowest  shales,  just  to  the  west  of 
Anstruther  Harbour. 

The  measures  about  Anstruther  Harbour  are  the  lowest  Calcifcrous 
Sandstones  that  I  have  seen  on  the  Fife  coast.  From  Anstnither  to 
Crail  tlu*  dip  is  reversed,  and  the  stratti  scon  at  Anstnither  Wester, 
and  from  there  to  the  west  of  Jhllow  Ness,  again  Ji])j)ear,  tlioiifrh  not 
80  clearly  aud  consecutively  as  before.  Jieyoud  Crail,  and  on  to 
Fife  Ness,  and  then  westward  by  Kingsbams,  Babbet  Ness,  Pitmilly 
Bum,  and  BorehiUs,  the  strata  continue  rolling,  af^iarently  in  a 
portion  of  the  series  equivalent  to  that  scon  east  and  west  of  BUlow 
Ness.  Nearer  St.  Andrews  higher  beds  appear  to  come  up  :  for  to 
the  oast  of  the  l^ock  and  Sjiindle  tlicre  is  a  thin  criuoidal  limestone 
and  associated  shale,  containing  a  similar  suite  of  marine  fossils 
as  thai  iouud  iu  the  Encriuitc-bcd  at  Pittenweem. 
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Fig.  2. — Diagrammatic  Vertical  Seciicni  of  the  CaJcifermis  Saivhtones 
from  the  west  of  Pittenweem  to  Anstrnther^  sJiowiity  the  jjusitton 
of  the  Zona  ofMariM  Ibttile.   (Scale  666  feet  to  1  inch.) 
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It  has  been  remarked  by  the  Eev.  Thomas  Brown  that  the  marine 

bed.s  of  the  lower  part  of  the  Calciferous  Sandstones  increase  in 
thickness  and  number  as  they  are  traced  further  east  *.  Tliis  is 
very  clearly  shown  in  a  section  that  is  exposed  between  tide- marks 
at  ituiiderBtone,  south  of  Kiugsbarus.  This  section  torms  u  synclinal, 
moat  of  the  beds  cropping  out  east  and  weat  of  a  central  trough 
which  ia  nearly  oppoaite  to  Bandentone  fjumhonae.  The  thiekneaa 
of  strata  exposed  does  not  much  exceed  400  fiset;  bnt  it  includes 
twelve  limestones,  the  majority  of  which  contain  marine  fossila* 
The  prevalence  of  i^chizodus  Saltiri  and  M;i"!nin  modioliformu 
in  several  of  the  beils,  as  well  as  the  contiguif)  ut  tlio  limestones, 
appears  to  indicate  a  position  for  those  strata  equivalent  to  the 
measures  between  3200  and  3600  feet  of  the  Pitteuweem  and 
Anatrnther  section.  Aa  this  outcrop  of  atnta  ia  the  moat  marine 
bit  of  the  lower  portion  of  the  Calciferous  Sandatonea  that  I  have 
met  with  in  fife ;  it  is  noticed  in  detail  aa  the 

RiicniutsTom  Sioxioir* 

In  the  higheat  limeetone  at  Bandeiatfme  I  ba^  found  only  a 
apedea  of  Spirarhii.  Thia  limeetone  ia  taken  to  be  3165  feet  below 

^e  base  of  the  Carboniferous  Limestone  series,  the  figures  being 

arrived  at  by  looking  upon  limestone  No.  5  of  this  section  as  equiva- 
lent to  the  bund  of  Schizo'liis  Salteri  (Zone  12)  of  the  Pittenween 
and  Anstruther  series  of"  struta. 

Thirteen  feet  of  strata  intervene  between  this  limestone  and  the 
next  beneath. 

limeetone  No.  2  (3170)  ia  hard,  grey,  and  two  feet  thick.  From 

it,  and  the  shale  and  ironstone  bands  immediately  abore  and  below, 

there  have  been  obtained  the  following  species : — 


Myalina  tuodiohfonnis,  Brown, 
Oiurbonia  subula,  J,  ^  K, 


Lepcrditia  Okeni,  Tar.  •COtobuKUga- 

lensis,  Hibbert. 
OoprolitM  of  Bhiaodus  ? 

A  thick  maas  of  sandstone  intenrenes. 

Limestone  No.  3  (3200  feet)  is  a  shell-bed,  fully  four  feet  thick, 
almost  entirely  composed  of  the  shells  of  Myalimi  modiolifonnis. 
In  this  hid,  as  well  as  in  the  overlying  shale,  and  in  the  thick  shale 
and  ironstones  below,  the  Mi/alincE  are  large,  thouj;h  tliieker-shelled 
in  the  limestone  and  irun.stoues  than  in  the  shale.  tSjiirorbis 
encrusts  the  sheik  in  bome  places ;  and  here  and  there  in  the 
limestone  are  drifted  firagmenta  of  carbonized  wood  {Dadoxylon) 
ahowing  structure  t. 

Liltorina  scotoburdigalcimie,  iSlfA.        i  Spirorbis. 

Mynlitm  niodioliforinis.  Z/r0i0l>.  1  i^'nigiDMits  of  wood  (ite<j(W^^). 

Curboiiia  siibuhi,     m  A'.  | 

A  thick  bud  of  Jiv/u///t<f,  probably  the  same  as  this,  is  seen  lo  the 
east  of  Eingsbams  Harbour;  and  to  the  east  of  the  Bock  and 
Spindle,  a  limestone  5  feet  thick,  full  of  MyaUiut^  with  a  seam  of 
coal  below  it  (both  altered  by  heat),  is  exposed  between  tide-maika, 
aa  shown  in  the  accompanying  woodcut  (^.  3)» 

*  Trans.  Roy.  Soc.  Edinb.  vol.  x\ii.  p.  399. 

t  Tliti  caaLeru  outcrop  of  this  bed  is  seca  just  below  the  sandftone  reef  to  the 
ofOldHaiki. 
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a,  5feot  o(  Myalina  limestone;  h.  9  inches  of  Wrick  slinlo  with  fish-scales; 
c.  It)  iiicht'.s  of  coarse  burnt  coal;  d.  Fireclay  with  IStigmnrian  rootlets, 

Limestone  No.  Ha  is  10  feet  or  more  btlow  ;  it  is  2  feet  tliick, 
aud  rests  upon  a  foot  of  good  cheny  coal.  It  contaiiid  the  t'uUowiug 
speoies: — 


Olenaoanthus,  sp. 

Eurvnotus  crenatua,  Ag.  (maIm). 

Piihitttl  teeth. 
Murchiaonia,  sp. 
Schizodus  Saltwi,  Elh. 


LeperditiaOkeoi,  var.  att6nuata,Jj#JC 

 ,  var.  extuberata,  J.  ^K. 

 ,  Tar.  flootobuvdiflaleiMiB,! 

m. 

Kirkbya  spiraUa,  Ji^JL 
Plaiit*reinaiiit.' 


A  thiu  Anthracomya-like  shelL 

Another  thick  sandstone  intervenes. 

Limestone  No.  4  (I^IUIJ  feet)  is  about  11  inches  thick,  sbaly  at 
the  top,  and  rests  on  a  thin  seam  of  eoal.    Its  fossils  are : — 

Myalina  modioliforniis.  Brown. 
Kirkbya  Hpirnlis,  J.  ^'  JT. 


Leperditia  Okeni,  var.  aootoliardiga' 
lenaiii  Hib. 


Leperditia  Okeni,  var.  attenuata, 
Spirarbii. 

Fish-spine,  OtonacantJius  ? 

Lepidodondroii.  sp. 

Shale,  black  in  places  aud  with  plant-remains,  and  sandstone 
intervene. 

limestone  No.  5  (3380  feet)  is  grey,  weathering  yeUow  and  red 
on  the  snrfaoe,  haid,  snbcr}-stalline,  and  2  feet  9  inches  thick, 
inolnsive  of  a  centre  band  of  shale.    Its  upper  surface  is  thii^y 

strewed  witli  the  shells  of  Schizodus  S'dten,  alonj?  with  rarer 
specimens  of  Orthoreras  n/JInflraceum?^  AviculopecUn  granosue,  &c. 
Tht;  followinor  is  a  li.st  of  its  fossils : — 


Orthoceras  cyliudraceum  ?,  Fkm. 
lattorina  Hwtobardigalensis,  Etk. 
lOKOncma  scalaroidea,  Philf. 
Hiorocheilus  striatulus,  sp.  nor. 
Hnrchisonia  quadricarini^,  M^Coy. 
Naticopsis  plioiftria,  Phi!!. 
A\ ioulopecton  graTiosuts,  I'hill. 
Myuliiia  modioli  form  is.  lironm. 
Nuoula  lineatd,  Phill. 
Sanguinolitfs  alxlensia,  Kth, 

 subplicatus,  sp.  nov. 

SohisodiuSidterim 
T^Ttg"^  mjrtiloidee,  Sow. 


Bairdia  siliquoides,  J.  A  K» 
Beyriehta  subarouata,  ^onet. 

 ,  Yur.* 

Ojtbere  Jonesiana,  Kiridty. 
«—  sequoliH,  J.  ^  K. 
Kirkbya  spiralis,  J.  K. 
Ij<>|H>rditia  Okeni,  Xluiisf. 
Spirorbiu  globosud,  APCoy. 

 beliotaras,  BaUer, 

 pp. 

lihizodiid  ilibbcrti,  Ag. 

Lepidophyllum. 

Wood  \\\  drifted  fragmenta. 


*  This  form  diflbn  souMwhat  from  typical  .HpedoMOS  of  B.  mAarouala  in  the 
trOobste  eliaracter  (jf  tin  valves,  and,  poMibly,  wboi  thoroughly  known,  BMj 
ptore  to  ba  diatinct  from  that  species. 
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Fig.  4  represents  a  section  of  this  bed,  explanatory  (wilili  the 
detailB  that  follow)  of  the  distribution  of  the  above  fossQs. 

Gommftncing  at  the  base,  the  grey  shale  and  sandstone  band  a 
contains  large  Stigmarian  roots  and  rootlets,  Splienopteris  ajfinis 
and  other  pLmts,  tho  scales  and  bones  of  small  Ganoid  fishes,  tcoth 
of  Dijihdus,  and  carapace-valves  of  Leperditia  Oheni,  var..  and 
Beyrichia  snf>arcuata.  Tliis  deposit  evidently  indicates  an  area  on 
wluoh  grew  large  trees,  the  roots  of  which  only  remain. 

The  lower  leaip  of  limestone,  6,  is  a  foot  thick,  and  very  silieeoDB 
below.  The  inferior  portbn  of  it  is  full  of  fragments  of  stems  and 
carbonized  wood,  all  apparently  drifted,  and  many  incrosted  with 
Spirorbis.  A  few  specimens  of  Mi/nlina  ww<:?to?t/orwis  are  seen  here^ 
and  occasionally  larfj^e  teeth  oi  Rhizodus  Hihherti, 

In  the  upiKjr  portion  of  the  same  leaf  of  limestone  the  MyaVina 
becomes  more  nuuieroii:),  and  the  fragments  of  wood  less  so  than 
below. 

The  nine  inches  of  dark  grey  shale,  c,  that  separates  the  limestone 

into  two  leaves  contains  many  individuals  of  Leperdida  Okeni,  var^ 
and  Bnfrichia  subarcuata^  var.,  with  a  few  oii  Myaltna  modioUfarmitf 
and  the  remains  of  Li pidophyUum  and  othor  plants. 

Tho  lower  huli  of  the  limestone,'/,  is  filled  with  Mjid'nia  modidi- 
formic.  Aloiig  wiLii  it  aro  found  yucula  lineatay  Littorina  scotohur- 
di^denna^  Leperditia  Okenif  and  Spirorbit.  Many  of  tbe  M^Una 
are  in  single  valves,  and  still  more  of  them  are  fragments,  worn  and 
ronnded,  the  thick  umhonal  hits  being  very  common.  Thei8Jptror6et 
are  found  both  attached  to  the  Mij(dina  and  free. 

Higher,  but  not  inrludina:  the  top  portion,  the  Myalhia  is 
associated  with  fSrhlzodus  S(dt(;n  and  Sdnr/itinolites  sp.,  LIftorina 
8CotuburdiyuUiisi'<j  Macrochtdus  striaiuluSy  Leperditia  Oktni^  and 
Spirorbit  in  abnndanoe.  The  shdla  of  the  SoHgrnmUlu  form  a  thin 
layer  in  this  part  of  the  bed.  The  other  bivalves  occur  mainly  as 
single  valves  or  as  fragments,  though  not  so  much  worn  as  im- 
mediately below.  Spirorbift  incrusts  all  these  shells,  the  interiors 
of  the  Srhizodas  being  often  beautifully  covered  with  it. 

In  the  top  two  inches  of  the  limestone  there  are  none  of  the 
MyidinUt  iSchizodas  iSalUri  taking  its  place  as  the  prevailing  species. 
With  it  occur  Orthoeanu  sp.,  MurcMionkt  quadrieanMOaj  NaUeopdB 
plidstria,  Loxcnma  tcalaroideat  Maero(heilu$  ttriatulut,  Avimlo-' 
pcden  (pranosHS,  Sam/uinolitesabdt'nMfS.  9uhpUeaitt$,  Nucula  lineata^ 
Linynla  mytiloides^  CytJiere  Jonesiana^  C,  ctqnalixy  Leperditia  Okeni, 
L.  Oleni.  var.,  Beyrichia  suharcnatn^  B.  snhnmtnfa,  var.,  Kirhhya 
Sj)ir(dt.'i,  Sjiirorfds  f/lobn.sas,  S.  hdictn-is.  The  valves  of  the  lamel- 
libranclis  are  mostly  detached,  but  not  much  worn,  the  hinge-teeth 
being  sharp  and  well  preserved  in  carefully  extracted  specimens. 

Tho  above  details  of  the  distribution  of  fossils  in  this  bed  show 
changes  from  an  area  of  tree-growths  towards  marine  conditions 
of  increaiing  intensity.  Other  marine  beds  in  the  Calciferous 
Sandstones  show  pretty  much  the  same  sort  of  progression  :  but  in 
many  ruses  the  a'lv.uieo  towards  marine  conditions  does  not  reach 
further  than  the  introduction  of  Mycdina  modioUformis. 
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At  the  outcrop  of  this  bed  the  measures  lie  rather  tiat,  so  that  a 
considerable  area  of  it  is  exposed  between  tide-nuurks*.  Ooeanonally, 
when  the  roek  has  been  iwept  dean  of  weeds,  its  St^kodm-^awtxid 

surface  affords  a  most  interesting  sight,  though  one  snggesilTa 
lather  of  a  Pennian  state  of  things  than  of  early  Carboniferous — an 

idea  which  is  only  strengthened  on  finding  a  spocios  of  Myalina 
just  as  abundant  in  the  body  of  the  rock  ;  for  in  the  Magnesian 
Limestone  of  the  North  of  Knghmd  the  two  most  common  fossils  in 
the  upper  beds,  and  those,  in  fact,  which  last  appear,  are  StJnxoAm 
dMut  and  Myialina  Hmumanni, 


Fig.  4. — Seetim  of  Limetloiu  No.  5,  Bandentom, 


a.  Shale  and  anndstonc  baiul  with  Sfigmaria^  Diplodug,  and  Ostratoda;  b.  1  foot 
of  siliceous  limestone  with  drift  wodd,  IthLodiis,  and  MyalitUi\  c.  9  inches 
of  chale  with  O^trnoodn  and  Ltpidopf^Uwrn;  d,  1  foot  of  linUStODe  full  of 
Myaliiui,  ISchizodm,  Orthoccras,  kc. 

Forty  feet  of  shale  and  sandstone  intervene ;  the  latter  is  false- 
bedded  and  ripplo-marked.  In  one  place  the  nhale  is  black  and  coaly, 
with  tiroflay  beneath  full  of  rootlets.  More  Stujmario'  are  found  in 
these  strata,  along  with  Calainhes  sp.,  Cyclopteris  Jlahdlata^  the 
scales  of  small  Ganoids,  and  Entomostraca. 

Limestone  No.  6  (8326  foet)  is  abonttwo  feet  thick,  hard,  compact, 
and  grey  in  oolour  (also  weathering  giey).  It'is  formed  of  three  or 
four  leaves  ;  and  it  is  chiefly  on  the  weathered  surfaces  of  these  that 
the  following  fossils  have  been  found : — 


Nautilus  plsnotargatus?,  St  Coy, 

OrlhoccniH,  sp. 
Luxonema  ecaloroidea,  rhiU. 
Muit^isonia  qoadrimrinata,  M'  Coy. 
Natifopsi.s,  sj). 

ATiculupecten  granosus,  Phiil. 
Leda,  sp. 

Myaliuu  nio<liolifor»nis<.  Broton. 
Nueulu  lineata,  I'hiU. 
Sanguiiiolites  alxleusit^,  Eth, 


Scbizodus  Salteri,  £5!"^. 
Sedgwiekin  gigantea,  M'Co^, 
Lingula  mytiloides,  iww. 
Stenopom  tumida,  PhUl. 
SpirorbiB  helioten  s,  Salter, 
Leperditia  Okeni,  Munsi. 
Beyrichia  subarcuata,  Jones. 
Gaiiuid  sc!il('8  resembling  those  of 
Megalichthyt, 


Murchisonia  tfuadncarinata  is  the  niost  characteristic  fossil  of 
this  limestone  ;  it  is  found  on  the  weathered  surfaces  beautifully 
preserved,  and  occasionally  in  great  numbers.  iSUmipora  tumida 
and  Leperditia  Okeni  are  also  very  abundant.  tSchizodtu  Salteri 
forms  a  thin  layer  of  shells  on  top  of  the  limestone.  The  shell 
referred  to  Sedywirkia  giyantea  has  only  been  found  in  this  bed ; 
some  of  the  specimens  exceed  three  inches  in  width.  The  bottom 
loaf  of  the  limestone  is  entirely  composed  of  a  JSpirorbis^  apparently 
identical  with  S.  hdu  tt  res. 

*  Ibis  bed  shshres  up  to  the  point  to  the  east  of  tbe  road  to  Banderatone. 
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More  than  thirty  feet  of  shale  and  saadatcme  intervene,  in  whieh 
foBBila  have  not  been  observed. 

Limestone  No.  7  (*^'^0o  feet)  is  of  irrejrnlfir  thickness:  usually 
a]>out  15  inches.  Its  upper  surface  is  covered  with  shells  of 
MijaJina,  some  of  which  are  large  aud  more  like  J/,  crassa  than  the 
common  species  (though  less  massive).  Though  these  shells  are 
ihe  prevailing  foasilB  of  the  bed,  one  of  the  most  diaiacteriatic  spedea 
ia  a  large  thiek-aheUed  BeXUrophon^  which  oomea  very  near  to 
B.  costatus.  iVnother  species  of  frequent  oconrrence  is  NaticopsU 
plicistria^  little  coteries  of  them  often  being  found  within  the 
apertures  of  the  Bellerophoiis.  lihynchondla  pleurodon  is  found 
al)undantly  at  one  horizon  of  the  bed.  The  last-named  sjxm  ies,  along 
with  Liwpila  mytiloides  and  L.  squamifonnisy  arc  the  only  Brachio- 
pods  that  have  been  met  with  so  low  in  the  Galdfarons  Sandstones. 


Myalina  crassa  ?,  F/Ww. 

 modioHforniic,  liroum. 

Nucula  linen tn.  PhtU. 
SrhizodiiB  Saheri,  Eth. 
Klijrnehonella  pleurodon,  Phdl, 
Diantopora  me^toma,  M'Coy, 
Stenopnra  tiniiida,  Phill. 
Beyrichia  subarcuata,  Jonea. 


Orthoceras,  sp. 
Bellerophon  coatatus,  8ont, 

 deonmtus,  Fkm. 

Loxonemn  soalnroideu,  Phill. 
Macrochedus  arutus,  Sow. 
Mur^iBonia  quadriciurinata,  itCojf. 
— —  strialidn,  De  K'<ii. 
ITatioopsiB  pUcistria,  Phill. 
Avieolopeotan  granoios,  Pkitt, 
Leda,  sp. 

Within  the  next  twenty  feet  of  ahale  there  are  three  thin  handa  of 
MytUina  modiollfonnis.  The  only  other  fossils  fonnd  in  these  handa 
are  the  scales  of  small  Ganoids,  Leperditin  Okeni,  var.  seotoburduja- 

lenxis^  Spirorhit  sp.,  and  frag-ments  of  carhonizcd  wood.  A  few 
feet  lower  there  is  an  irreij:ular  bed  of  arenaceous  ironstone,  full  of 
carbonaceous  matter  and  the  fragmentary  remains  of  fishes,  chiefly 
of  Rliizodus  Hihherti.  Then  follow  more  shales  and  thin  sandstones, 
with  Sphenopteris  affinity  Ltindophyllum,  seed-vesaelB ?  and  other 
plant-remains,  Spirorhia  sp.,  and  Ganoid  scalea. 

No.  8  limestone  (3413  feet)  is  nineteen  inches  thick,  hard,  grey 
in  colour,  and  weathering  red.  Its  charaoteristif  fossils  are  Ostracoda, 
13  specit  s  of  which  have  been  found  in  it.  The  other  fosaUs  are 
most  of  them  small,  as  though  dwarff d  : — 


Orthoceras,  f>p. 

Littorina  scotnburdigalensis,  Eth. 
Macrocheilus  Htriatiilus,  sp.  nov. 
Murchi-'nnia  qiiadrirarinatai  M^Ooy. 
Avicula  rectji?,  M'Cui/. 
Myalina  modioliformu,  Brown, 
Schizodus  Sniteri,  Eth. 
Beyriobia  subarcuata,  Jone*. 

 ,  var. 

Bairdia  plebeiai  Reusa. 

—  Hisinperi,  Mihiff. 

—  siliquoide^,  June.'*  ^-  KirlAjf, 
 pMSoint  iJ,  ^  JT.  I 

100  feet  of  measures  intervene,  chiefly  sandstones.  In  the  more 
argillaoeooa  beds  are  found  SpheMpUri*  affinuy  Lepidodmimi  sp., 


Bairdia  sidirvlindrica  ?,  Miiiut. 
O^tlicro  Jonpsittim,  Kirkby. 
 intermedia,  MUntt. 

"       iPqiirdiP.  J.  tf-  K. 

 cj  pridiformia,  J.  ^  K, 

Kirkbya  plioata,  J.  4"  K, 

 gpiralis. ./.  <f-  K, 

Leperoitia  Okeni. 

 ,  var.  cxtuberata,  J.  4'  K. 

ArcbaH>oidax9s,  small  ipine  ofl 
8pirorbis,  sp. 

Teeth  and  acalos  of  Qauoid  ilshca. 
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soalos  and  teeth  of  small  Guuoid  fishes,  and  Le^erditia  OkmU^  yar. 
teatohunlujalemii. 

Lunestone  No.  9  (8514  fee6)  is  a  earions  oonoieHonary  bed,  abonfc 
nine  inohes  thick,  with  a  rou^h  irregular  under  eurfaco.  It 
weathers  rod  and  yellow,  is  hard,  and  is  largely  composed  of  con- 
centric concretions  of  various  sizes  It  contains  myriads  of 
I^perditin  Okrni,  var.,  along  with  Spirorbis  sp.,  small  Ganoid  scales, 
frugmeuU  ot  wood,  and  Stigmarian  roots  and  rootlets. 

A  few  feet  of  sandstoiie  and  shale  with  S^henopteris  affinii 
interyene. 

Limestono  Xo.  10  (3525  feet)  is  very  hard  and  crystalline, 
weathers  red,  und  is  of  variable  thickness,  averaging  about  a  foot. 
In  an  inch  of  slialo  immediately  above  there  occur  a  few  examples  of 
MijaHim  modioli/onnis,  the  teeth  and  scales  of  small  Ganoids,  Leper- 
ditla  Ok'enij  var.  atteauaia,  and  iSpIietwjoUris  affinis.  The  limestone 
itself  is,  in  some  places,  full  of  the  single  valvos  and  shell-debris  of 
Fteurophorus  elegan8,  a  hiralve  which,  though  so  abundant  here,  has 
only  been  observed  in  two  other  lociEtlities.  Along  with  the  latter 
spedes  are  nnmbers  of  JAUorina  seotoburdigaimms  (well  preserved, 
and  in  some  cases  showing  traces  of  transversa  bands  of  colour) 
and  a  variety  of  Leperditia  Okeni. 

li'leurophorus  elegans,  Bp.  nov.  I  Leperditia  Okeni,    var.  uttwITiatllt 

Littorina  sootoburdigalensis,  Eth.        \      J.  ^  K, 

Limestone  No.  11  (3516  feet)  crops  out  from  beneath  twenty  feet 
of  marl,  shale,  and  sandstone,  idthout  fossils.  It  is  likewise  an 
irregular  bed,  in  three  or  more  leaves,  with  partings  of  shale.  It 

weathers  red,  and  is  about  two  feet  thick,  l^e  only  fossils  found 
in  it  are  fish>remains,  belonging  to  Jlftlzodm  orimtus,  Traqnair,  and 
other  species.  The  plates  and  bones  of  the  former  fish  are  chiefly 
in  the  partiiiirs  of  shale,  from  which  they  are  to  be  picked  up,  de- 
tached by  the  action  of  the  sea. 

In  the  marl  beneath  the  limestone  occur  Spirorhis  hdieteres  and  a 
spedes  of  KiMya, 

Thirty  feet  of  unfoasiliferoas  strata  are  seen  beneath  the  lastlimo- 
Btone,  and  then  the  erown  of  an  anticline  is  reached,  beyond  which 
the  dip  i><  reversed.  A  repetition  of  the  beds  described,  however,  is 
not  clearly  seen,  owinp^  to  the  disturbance  of  the  strata  by  faults. 
Various  shell-beds  appear,  full  of  Mijaliaa^  which  probably  repre- 
sent some  of  those  I  have  noticed ;  and  beyond  the  faulted  ground, 
a  little  to  the  east  of  the  caves  under  Bandeistone  Castle,  where 
the  strata  dip  regularly  to  the  east,  there  is  a  marine  limestone 
that  requires  description,  though  its  exact  position  in  reUition  to 
the  foref^oing  section  is  scarcely  to  be  determined. 

This  limestone  is  about  15  inches  in  thickness,  and  is  intercalated 
between  beds  of  sandstone.  It  is  f,'rcy  in  colour,  hard,  and  has 
shaly  partings  below.  At  its  base,  and  forming  part  of  the  same 
bed  paheontologically,  come  4  inches  of  very  hard,  yellow,  cal- 
careous sandstone,  wldch  is  soldered  on,  as  it  were,  to  an  8- feet  bed 

*  This  rook  Teminds  me  of  khim  of  the  botfyoidal  and  globular  forms  cf  the 

Upper  Magncsian  Limestoae  of  SundlriaQd. 

a  J.  G.  8.  No.  144.  2b 
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of  white,  siliceous,  false-bedded  sandstone.  This  band  of  ciilcareous 
sandstone  contains  numbers  of  specimens  of  an  Orthoceras  (10  inches 
in  length),  along  with  others  of  NautUiu^  BdUrophon,  MdcnxJuilus, 
and  other  marine  fonns,  mixed  with  the  rooto  and  rootletB  ol  8t^» 
maria.  In  the  limestone,  and  paitioalariy  on  ite  weathered  BOif  ae»- 
planes,  are  strewed  mnltitadeB  of  various  species  of  Mwthmma, 
Mwrw^uSlMMt  Loxonetna^  Trorhvs^  and  other  univalves,  as  well  as  of 
species  of  Lamellibranchs,  along  with  occasional  remains  of  Lfpido- 
(h  ndrou  and  much  comminuted  v^etable  matter.  The  following  is 
a  list  of  the  species : — 


Nnutllus,  Bp. 

Ortliocoras  cylindraoeum,  Fltm, 
Beileruphou  costatun,  Soto. 
Buompnalus  neglect  11.4,  M*Co^, 

Lacuna  antiqUi  ^f'Co'/. 
Loxonema  walaroidea,  rhill. 
ILierooheilas  fbaformii^  Sow, 

•  an  it  us, 

•       imbricatus,  iStno. 
— —  rtriatoliu,  sp.  DOT. 
HarehiNrnia  qaadricariiMla»  BtOoj^, 

—  angitlata,  Phi/l. 

—  striatula.  Be  Kon. 
Naticopaia  elliptica,  PhiU. 
Truchus  senilimba,  f iU/A 
 Bp. 

Gvpricardia  bicosta,  sp.  nov. 
Liuiodomiis  daotyloidM,  if' Csy. 


Mbdiola  dirisa,  M'Coy, 
Nucula  lineata,  PhiU, 
Sanguinolites  abdensis,  Etk. 
Sduiodiis  aatai  Efh. 

 axiniformis,  7'^///. 

Bcjrichia  subarcuata,  Jones. 
Kirkbja  plicata,  Jones  ^  KirJAy. 
Le}X'rditi;i  Okeni,  Muiist. 
Archaocidaris,  small  apine. 
SpirorbiB,  §p. 
Cladochonus,  sp. 

Tooth  and  wales  of  a  ■mall  Qanoid 

fieh. 

Ptrcilodiis  obliqaoa^  Aff, 
'  Lt'pidodendron,  sp. 

Stigmarian  root«  and  ruotleta. 
I  Haat>reiiiaiius  obMom. 


Twelve  of  the  above  speeieB  have  not  oceoned  elaeidiere  in  the 
Lower  CarbonifeioiiB  strata  of  Fife;  and  I  do  not  know  of  a 
deposit  in  the  same  series  where  Gasteiopods  are  snoh  obaraeteristie 

fossils. 

Near  to  high-water  mark  the  limestone  runs  out,  or,  rather,  passes 
into  a  grey  shale  with  sandstone  bands  without  fossils.  Towards 
low-water  mark  it  eontinnes,  hat  its  marine  shells  disappear,  and 
the  only  fossils  fonnd  in  it  are  Entomostraea  {LeperdUia  Okadt 
var.  attenuata,  and  Kirl^a)  and  traces  of  Oanoid  fishes  and  plants. 

Other  marine  beds  appear  at  various  points  of  the  coast ;  but  they 
are  nearly  all  recurrences  of  those  already  described,  containing 
the  same  species  of  fossils,  and  they  never  present  so  continued  a 
sequence  as  in  either  of  the  foregoing  sections. 

Perhaps  the  only  other  bed  that  need  be  noticed  (and  it  may  or 
may  not  he  marine)  is  a  thin  calcareous  sandstone,  at  Kilzenny 
Mill,  east  of  Cellardyke,  which  is  full  of  a  bivalve  shell,  referred  to 
Anthraeona  by  Mr.  {Salter.  Along  with  the  AiUhraeosut  are  found 
Litforina  ftcituhnrdif/alen^is,  Lej>uh>deivh-on  sp.,  with  the  twigs 
attached  in  some  cases,  and  as  drifted  stems  covered  with  Spiroriig 
in  others. 

The  same  bed  (apparently)  aguiu  comes  up  at  EQmiuniug,  east  of 
Grail,  with  the  AiUhraeona  in  stiU  greater  provision,  j^rorfttr  is 
here  attached  to  the  shells,  both  on  the  inside  and  outside  of  the 
valves.  LeperdiOa  (Xeeni,  var.  saftubenOiit  also 
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saiQ.6  AjUhracosui  is  found  sparingly  in  a  shalo  at  Billow 
I9eBB»  though  its  pontion  (8168  feet)  in  the  series  at  that  place 
aipeaiB  to  be  oonnidflirably  higher  than  at  Solreiuiy  Hill. 

OBfliBTixnnn. 

The  thieknen  of  strata  in  the  two  aeetioiis  deeoribed,  and  the  du- 

tanco  of  the  yarious  marine  beds  from  the  base  of  the  Carboniferous 
Limestone,  are  obtained  from  a  careful  and  detailed  oxamination  of 
tho  rocks,  bod  by  bed.  Still  it  should  be  observed  that  the  amount 
of  strata  between  the  different  marine  zones  must  of  course  be  taken 
as  dose  approximations  only ;  for  most  of  the  beds,  particularly 
the  sandfltonea,  are  anbject  to  toeh  rapid  aUerationB  of  thickness 
that  no  two  eeetions  taken  twenty  yards  apart  are  e?er  exactly 
alike. 

In  the  group  of  marine  beds  at  the  top  of  the  series  that  are  seen 
between  St.  Monnns  and  Pittenwoem,  the  species  are  all  common  to 
the  Carboniferous  Limestone,  with  one  exception,  Sanguitiolites 
ahdenis.  The  only  difference  which  they  present,  when  compared 
with  the  fauna  of  the  latter  rock-group,  consists  of  the  oomparative 
abundance  of  LameDibranohB,  the  Boarotty  of  Braehiopods,  and  the 
almost  entire  absence  of  corals,  ezeepting  tiie  highest  limestone 
(zone  1). 

In  the  Encrinite-bed  (zone  5),  which  is  the  next  marine  zone, 
thoup:h  8ej)aratcd  from  those  above  by  nearly  1800  feet  of  strata, 
the  species  with  searcely  an  exception  also  all  range  up  into  tho 
overlying  series.  It  was  this  fact  that  caused  Mr.  Brown  to  pro- 
pose to  group  the  measnres  from  the  Encrinite-bed  upwards  wftii 
the  Carboniferous  limestone. 

It  is  not,  in  fact,  until  we  reach  the  strata  below  zone  5  that  mneh 
difference  is  to  be  observed  in  the  character  of  the  marine  fauna; 
and  even  then,  if  we  take  the  list  of  species  merely,  more  than  four 
fifths  of  them  are  found  to  pass  up  into  the  Carboniferous  Limestone. 
But  among  the  few  species  peculiar  to  the  series  are  one  or  two  that 
occur  BO  often  and  so  abondaafly  ss  to  mark  tlisse  lower  measures 
with  special  palsontologpusal  features.  These  are  the  preyidenoe  of 
the  LameUibranchs,  MydUna  modioUformU  and  Sehizodus  SaUeri, 
the  former  shell  being  more  especially  characteristic,  as  the  preced- 
ing portion  of  this  paper  will  have  made  evident.    Among  other 
species  characteristic,  though  in  a  less  degree,  are  Littorina  scoto- 
hurdif/almsiSf  Macrocheilu3?  striatulus,  Q.nd  an  Orthoceras  allied  to 
0.  cylindraceum.    As  a  negative  character  of  some  yalae,  there 
is  the  remarkable  paucity  of  Bracbiopods  and  GSorals,  which  heie  is 
more  notioeable  than  in  the  strata  aboye,  the  former  class  numbering 
only  three  species  {Khynchonella  pleurodon,  Linffula  myiiUncUs,  and 
L.  sqnamiformis)  and  the  latter  two  {Sfenopora  tumida  and  Alveo- 
lites st'ptosus).    Altogether  83  species  of  marine  fossUs  have  occurred 
to  me  below  the  Encrinite-bed.    Of  these,  1 5  are  confined  to  the 
Calciferous  Sandstones*,  as  given  in  the  following  list: — 

*  Nut  including  the  species  of  AnihracosiOt  AnihracomyOt  and  Carbonia,  aa 
well  M  one  or  two  otiun  of  doabtfiil  habits, 
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L  ttmriiw  ■ootobiudigalflDu. 

 bilineata. 

Macrucheiliu  ?  etriatulus. 
C^prioaxdia  biooBta. 
llyalina  modioliformiiu 
— —  gabbmelloaa. 
Plenro^orua  eleguat. 
SftDgmnolilM  almurii. 


Sanguinolites  subpli 
SchtrodiiB  Salteri*. 
Biiirdia  nitida. 


Cythere  superba. 
—  cjphdifonnifl. 


The  repeated  oooorreDoe  of  Mtaminow  shaleB  and  fhin  limestoneB 
foil  of  the  earapaoe-yalTes  of  Ostraooda  ia  another  palaontological 
fbature  strongly  characteristio  of  the  CaLdferoiu  Sandstones.  The 

species  thus  occurring  are  not  many  in  number ;  Leperdltia  Okmi, 
var.  scotohin-'Ittfalensis,  is  the  most  common  form  :  and  following  it 
in  abundance  ;iro  L.  Oheni,  var.  attenuata^  and  Beyrkhia  suharcuata. 
These  Ustiacoda  may  or  may  not  indicate  a  marine  origin  of  the  beds 
in  question.  They  are  all  found  occasionally  with  Mvalina  modio^ 
Zt/brmis,  and  the  LeperdUUt!  are  usually  of  marine  habits ;  and  that 
is  about  all  that  can  ])e  said  on  the  matter. 

Of  equally  dubious  origin  are  the  numerous  beds  containing  the 
scales  of  small  Ganoid  fishes  and  the  remains  of  Sjnrorhis  airhon- 
arius,  whicli  often  occur  with  the  Ostracoda,  or  with  plants,  and 
sometimes  with  MyiUiiia  and  other  marine  fossils — though  when 
such  forms  as  Orthoeenu  and  Sehizodus  come  in  with  the  latter,  tliis 
Spirorbis  gives  place  to  another  repreeentatiTe  of  the  genus,  identical 
■with,  or  allied  to,  S.  globotug^  M'Coy,  and  the  fi^-remaina  are 
usually  absent. 

It  will  have  been  observed  that  the  groups  or  zones  of  fossils  of 
the  preceding  sections  are  not  all  equally  murine.  Thus  zone  II  of 
the  Pittenweom  and  Anstruther  section,  which  includes  tlie  remains 
oiLejjidodendronand  Carbania,  together  with  Mualina  modiuliformis^ 
can  scarcely  be  looked  upon  as  of  so  marine  a  coaiacter  aa  the  group 
above,  zone  10,  which  contains  among  its  species  repieeentatiTea  of 
the  ^('lu  ra  BelUrophon^  Murchisoniay  and  Lfda.  The  fossila  of  zone 
Hand  other  kindred  groups  hrivo  been  looked  upon  as  marking  marine 
horizons  maiidy  on  account  of  the  presence  of  Af.  inodioJifonnis ; 
and  this  shell  I  consider  to  have  been  a  marine  Hpecies,  because  it 
is  repeatedly  found  associated  with  iicJiizodus  tialteri  and  other  iin- 
doul^  inhabitants  of  salt  water,  and  because  the  other  species 
of  MyaUna  known  to  me  appear  fr<m  the  associated  fiissils  to  have 
been  of  marine  habits.  Thus— 

MyaUna  siihlameUosa,  Eth.,  orcurs  in  the  thoroughly  marine 
grou|)s  of  zones  3  and  10  of  the  fittenweem  and  Anstruther 
section. 

Mi/alina  crumi,  Flcm.,  another  gregarious  species,  is  found  with 

*  This  species  is  dt'>«cribe^l  from  a  patch  of  strata,  isolated  by  volcanic  ash. 
near  Ardruss  (Rev.  T.  Brown  la  Trans.  Eo}id  Sue.  Kihn.  ixii.  p.  3U2),  the  exact 
stratigrapliicjtl  })  i^iiiou  of  which  is  not  very  clear,  lu  tlie  Q«ulogicaI  Survey 
Map,  sheet  41,  the^e  beds  are  coloured  iis  Carboniferous  Limestone,  which  may 
possibly  be  correct ;  but  Hchuodtui  tSalteri  is  not  known  from  uny  other  Our- 
boniferous-Liinestoiie  locality,  mmI  tb«  general  cbweter  of  the  etrsta  b  as  muoli 
like  the  highest  portion  of  the  Cah  ifenms  Sandstone,  as  oiposeil  totheesskof 
St.  MonauB,  as  any  part  of  the  overlying  series  that  1  have  seen. 


Digitized  by  Google 


681 


the  remains  of  Crinoids,  Aviculopecten  sp.,  Trochns  biserratus,  and 
^aticopsui  elli/jtica  in  the  Carboniferous  Limestones  of  Cults,  fife. 

Mifalina  Vtnieuiliij  M'Coy,  is  associated  with  Schizodus  cudnifor» 
mis,  MyadUs  tuleatutf  SanffumoUtes  sp.,  and  Lingula  aqvamifirvm 
in  shale  at  the  base  of  the  CSarbonifermif  limeBtone  Beriea,  east  of 
8t»  Honans,  Fife. 

And  the  Permian  species  Mifalina  HauJtmanyii,  (loldfuss  (in  which 
is  inchidod  M.  sqtiamosa  and  .If.  sqjtifera  of  King),  is  found  in 
the  shell-limestone  of  Durham  and  the  Lower  Limestone  of  York- 
shire with  the  marine  fossils  characteristic  of  those  rocks,  though 
in  the  highest  beds  of  the  Magnesian  limestone,  where  this  speoies 
becomes  in  a  measure  gcBgarions,  its  associates  dwindle  down,  in 
Durham,  to  Schizodiis  dubins,  Plen/rophorus  eostotitf,  lAUorina 
helicina,  and  in  Yorkshire  to     duhiiis  only. 

Moreover  Lepidod^ndron  and  other  vegetable  remain??  are  met . 
with  m  the  Encrinite-bed  at  I*itten\voem,  and  in  thu  eiiually  un- 
queatiouably  marine  deposit  to  the  east  of  the  caves  at  iiauderstoue 
Gastle ;  so  that  the  ffiesenoe  of  saoh  remains  with  Myalma  modio^ 
Uformis  soaioely  indicates  more  than  tiiat  the  shell  existed  within 
reach  of  vegetable  drift. 

Notwithstanding  the  repeated  occurrence  of  marine  beds  in  the 
Calciferous  Sandstones,  the  proportion  which  they  contribute  to 
the  aggregate  thickness  of  the  series  is  not  great.  Tiie  bulk  of  the 
strata  (where  fossilifcrous)  contains  the  remains  of  plants  and  of 
other  fossils  that  cannot  with  any  certainty  be  classed  as  marine. 
The  evidences  of  the  prevalence  of  Tegetable  life  are  nomerons; 
and  first  among  these  are  the  number  of  thin  coals. 

Altogether  I  have  observed  in  the  Fittenweem  and  Anstmther 
section  about  fifty  seams  of  coal,  counting  every  thing  from  three 
inches  upwards,  and  there  may  be  some  that  have  escaped  my 
notice.  Most  of  thorn  are  coarse  in  quality,  and  the  thickest  rarely 
exceeds  two  feet,  the  majority  being  much  less.  But  though  not 
thus  of  much  commercial  yalne,  they  are  nearly  aU  tme  coal-growths, 
resting  on  firedayB  isharged  with  Stigmana,  These  coals'are  pretty 
regularly  distributed  through  all  bat  the  lowest  500  feet  of  strata. 

Stigraarian  roots  and  rootlets  are  met  with  in  many  fireclays, 
shales,  and  shaly  sandstones  where  there  are  no  overlying  coals  or 
traces  left  of  the  vegetation  which  these  roots  must  have  originally 
supported,  thus  indicating  many  horizons  of  tree-growths  that  have 
not  resulted  in  the  fonnation  of  coals. 

Then  all  through  the  series  ^he  strata  are  more  or  less  marked  by 
vegetable  remuns,  often  very  fragmentary  and  all  apparently  drifted. 
These  remains  chiefly  belong  to  Lepidcdeiuiron  and  its  de- 
tached leaves  and  fruit,  and  to  the  ferns  SpJienopteris  ajjinis  and 
Cyclopteris  Jl  iheUatn.  We  have  also  seen  that  several  of  the  marine 
beds  contain  pieces  of  Lepidodeniron  and  other  wood,  often  incrusted 
with  Spirof^t  along  with  their  more  characteristic  fossils. 

So  tiiat  firom  the  coals  themselves,  from  the  beds  with  SHgmarim, 
firom  the  plant-bearing  strata  generally,  and  from  the  drift  wood  in 
the  marine  limestones  there  is  evidence  enough  of  the  abundance  of 
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vegetation  in  and  alxmt  tilie  fifealure  am  during  tins  eariy  Gar- 
boniferoiiB  period,  and  of  both  the  vegetation  and  tho  geograpliical 
oonditioDB  being  sucb  as  were  suitable  for  the  production  of  coal- 
growthfl.  though,  for  some  reason,  not  for  their  derelopmeiit  into 
thick  worka))le  seams. 

Though  Stigmaria  is  so  common  in  these  Lower  Carboniferous 
rodoBf  I  Imto  not  obaemd  any  xenaina  of  the  evenly  ribbed  and 
Bcarred  sterna  of  tiie  more  typical  fonna  of  SigiUaria,  The  abort, 
upright  stems,  and  prostrate,  flattened  trunks  of  trees  that  occur 
above  the  coals,  or  in  some  of  the  sandstones  and  shales,  are  for  the 
most  part  coarsely  and  irregularly  ridged  and  furrowed.  Very 
rarely  they  show  the  lozcngo-shaped  scars  of  Lepidodendron.  But 
possibly  the  others  are  only  another  form,  or  state  of  preservation,  of 
the  same  tree ;  for  the  numerous  remains  of  branehes,  small  twigs, 
and  IsK^fdL^pidtdmdiiim  found  in  these  roeks  indicate  that  the  pre- 
vailing tree  or  trees  of  the  period  must  have  belonged  to  that  family. 

Stigmarian  roots  or  rootlets  are  repeatedly  found  in  strata  con- 
taining marine  fossils,  or  with  groups  of  species  such  as  the 
remains  of  Ganoid  fishes,  Entomostraca,  >S}i?ror?>i5,  and  other  organic 
remains  which  could  not  have  had  terrestrial  habits*.  In  such 
cases  the  Stigmarias  give  the  impression  of  being  contempcnmeoiM 
with  the  other  fossilB,  and  thus  to  have  existed  beneath  the  surfaee 
of  water,  though  in  some  oases  they  may  have  passed  down,  by 
prooesa  of  growth,  from  a  stratum  or  land  surface  above,  after  the 
deposition  of  the  bed  in  which  they  are  found.  The  following  are 
some  of  tho  instances  of  this  which  I  have  observed  : — 

At  Randorstone,  in  Lirac^atone  No.  9,  it  occurs  abundantly  with 
the  scales  of  small  Ganoids,  Le^erditia  Ok&nif  var.  ejctuberaia,  and 

At  Fife  Ness  it  oooors  in  shale  (aa  rootiletaX  with  the  scalee  of 
small  Ganoids,  coprolites,  Myalina?        LepirdUia  Okmi^  var., 

Spirorbis  sp.,  and  Sphenopteris  affinix. 

West  of  Pitmilly  Burn  it  occurs  in  limestone,  with  the  scales  of 
Afegalichthys'?  and  other  (Janoids.  Litforinn  xcotohurdifjalensist 
Myalina  modioUformis,  L^erditia  Okmi^  var.,  BeyricJUa  subarcuat(L, 
and  Lej'idophyllum. 

TXorik  ol  Kingsbams  Harbour  it  oeeurs  in  limestone,  with 
Maeroeheilus  ttriatt^ut^  Inttorimt  srotohurdi)falen8i8f  MutvTdsomaquO' 
dricarinata^  Myalina  modioliformis,  Bairdia  siJiqvoides,  B.  2->r(rdsa, 
Kirkhya  spiralis^  and  Leperditia  Oleni  :  and  it  has  already  been 
noticed  as  occurring  in  the  lower  part  of  the  limestone  east  of  llander- 
stone  Castle,  associated  with  OrUioceras  and  other  marine  fossils. 

I  may  here  mention  another  and  kindred  set  of  ftcts  to  be  ob- 
served in  these  rooks.  In  several  cases  the  marine  beds  immediately 
follow  a  seam  of  coal  with  fireclay  foil  ot  Sttgnuaria  beneath ;  or  if 

*  Stigmaria  occuk  in  rrnich  tho  winio  Trny  in  nftne  of  the  parrot -coals  of 
Coal-measures.    In  a  coal  of  ihiB  sort  ut  Pimie  Colliory,  Fife^hire.  its  root*  and 
rootlets  are  found  wiUi  die  remains  of  Mcgalichthyi  Hibbfrit,  Strepeodm 
sauroidr.s,  c/i     anfhiu  sp.,  and  other  lugo  flabes,  and  species  of  Autkracon^fOt 
Spirorbis,  and  Varbonicu 
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thtij  do  not  immediatoily  fdlow,  they  axe  in  doie  mti^ty  to 
them. 

This  holds  true  with  zones  5,  10,  and  12  of  the  Pittenweem  and 
Anstruther  section,  and  with  the  Limestones  Nos.  3  a  and  4  of  the 
Randerstone  series  ;  also  with  the  limestone  north  of  Kingsbarns 
Harbour,  already  mentioned,  as  well  aa  with  a  tive-feet  Myalina- 
bed  near  tho  Itock  and  iSpiudle.  In  mma  of  these  instances  the 
marine  foesUs  (Crinoids,  Producti^  &o.,  in  the  ease  of  zone  6)  are 
found  close  down  to  the  ooil;  in  others  there  is  a  thin  hed  of  dark 
shale,  Gontaining  Ganoid  scales  and  phints,  between  the  coal  and 
tiie  murine  stratum. 

All  these  facts  apparently  suggest  that  the  marine  conditions  on 
the  one  hand,  and  the  conditions  favourable  Lo  treo-  or  coal-growt  hs 
on  the  other,  were  not  widely  separated  in  this  area,  and  that  the 
former  followed  the  latter  repeatedly  as  a  matter  of  easy  sequence. 

In  the  determination  of  the  species  noticed  in  this  paper  I  must 
acknowledge  the  great  assistance  afforded  me  by  my  fiiend  Mr.  John 
Young,  of  the  Hunterian  Museum,  Glasgow ;  and  to  Dr.  Traqu  iir 
I  am  in  some  cases  indebted  for  the  identification  of  the  £sh- 
remainB. 

NOXBB  OX  IHB  SpBQEBS. 

Obiboorbab  oiLiirnBA,oiinc,  flem.,  Ajmals  Philosophy,  yol.    pL  31. 
IS. 

The  OrtthocsroB  which  ocooia  in  several  of  the  Banderstone  beds 
comes  near  to  this  species.   It  is  eight  or  nine  inches  long,  tapers 

slowly,  has  numerous  septa  and  a  central  siphuncle.  It  is  never 
very  plentiful,  except  at  the  base  of  the  limestone  east  of  liander- 
Btone  Castle,  and  there  scores  of  speoimens  (casts)  may  be  seen 
within  a  few  st^uare  ^ards. 

Natttixtjs  PLAiTOXBBeAzus?,  MOoy,  Syn.  Garb.  Foss.  Ireland,  p.  18, 
pi.  ii.  f .  2. 

Specimens  of  more  than  one  species  of  Nautilus  are  found  at 
Kanderstone.  They  are  all  more  or  less  crushed  ;md  not  e:usy  to 
identify.  Most  of  my  examples  belong  to  a  form  about  four  inches 
in  diameter,  with  compressed,  quadrangular  whorls,  and  which 
appears  to  come  near  to  the  N,  planouraatm  ot  M'Coy. 

Otiier  speoimens  belong  to  a  smaller  rorm  with  convex  whorls. 

Some  examples  of  the  former  are  coated  with  an  IncmstiDg  coral 
and  Spirorbiif  and  the  shell  is  axoarated  by  a  borin^^ponge  or 
annelid  (?). 

BmssoFHOir  oosTAnrs,  Sow. 

A  laige  BdUrophon  is  found  in  limestone  Ko.  7  at  Banderstone. 
It  is  thick-shelled,  an  inch  and  a  half  wide  at  the  aperture,  has  a 

strong,  elevated  keel,  and  rather  coarse,  somewhat  irr^;ular  strisB  of 
growth.  Altogether  it  strongly  resembles  B.  eottaha  as  figured  by 
De  Koninck*. 

*  DeMV.  Anim.  F<Mb  pL  aairii.  £  2. 
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LnroBivA  sooiobubdioalfksis.  Etheridge,  Qoait.  JmmL  QeoL  8oe. 
Td.  zzziv.  p.  18,  pi.  iL  f .  26,  27.  . 

This  little  uniyolye  is  exceedingly  abimdont  in  some  of  the  beds 
about  Billow  Ness  and  Pittenweem.  "SVhat  I  take  to  be  tyi)iral  ex- 
amples bave  rounded  wborls,  which,  in  good  preeeiYation,  show  dark, 
transTeree  bands  of  colour. 

LmoBnrA?  biuviaxa,  sp.  1107. 

I  baTe  several  examples  of  snotiier  little  nniTalve,  found  slong 

witb  the  proceding  species  in  tbe  limestone  of  Zone  7,  Pittenweem, 

which  appears  to  be  distinct  and  undoscribcd. 

It  is  about  ^  of  an  inch  hi^h,  with  a  depressed  spire  less  than 
half  the  height  of  the  Itody-whorl.  The  body-whorl  is  flat-topp(  d, 
channelled  at  the  suture,  compressed  at  the  sides,  which  slope  out- 
Wards,  and  snbangulate  where  ilie  sides  bend  over  towttras  the 
snture ;  two  spiral  impressed  lines  traverse  the  upper  half  of  the 
whorl,  the  lowermost  near  the  centre  of  the  whorl  and  the  other 
midway  between  it  and  the  angulation.  The  aperture  is  subovate, 
round  below,  with  the  outer  lip  angulate  above.  Some  specimens 
show  a  slight  umbilicus,  and  most  of  them  appear  to  be  rather 
thick-shelled. 

The  generic  affinities  of  this  shell  (as  well  as  of  the  preceding 
spedes)  axe  not  veiy  dear,  and  it  is  placed  in  LiUorina  with  some 
doubt 

Lacuna  aktiqua  ?,  M*Coy,  Syn.  Carb.  Foss.  Ireland,  p.  32,  pi.  v. 
f.24. 

One  of  the  most  common  univalves  of  the  limestone  east  ot  Ivander- 
stone  Castle  is  a  smsll  shell  that  may  possibly  belong  to  EuomphaJug, 
though  it  agrees  so  closely  with  M*Coy's  figures  and  descriptions  of 

his  Lfinma  antifjva,  except  in  the  form  of  its  aperture,  that  I  doul<t- 
fully  refer  it  to  that  species.  Tlio  slu  11  is  depresfed  and  formed  of 
three  whorls  ;  the  bodv-whorl  is  largo,  rminrlcd,  and  j\  of  an 
inch  wide  ;  the  spire  is  small,  the  umbilicus  largo,  and  the  apeiture 
is  round  and  entire. 

MACBocHmvs?  sTBiATULUs,  n.  sp. 

This  is  a  comparatively  common  shell  in  some  of  the  Eanderstone 
beds,  and  it  is  found  more  sparingly  in  Zones  10  and  18  of  the 
Pittenwoom  and  Anstruthor  section. 

The  largest  ppof  imens  are  j'^  of  an  inch  long,  and  or  rather 
more  wide.  The  body-whorl  is  three  fourths  of  the  entire 
length,  wide  and  flat  above,  and  contracted  towards  the  base.  The 
spire  is  short  and  formed  of  four  or  five  flattish  whorls.  The  surface 
is  spirally  threaded  with  fine  and  regular  lines  in  well-preserved 
specimens. 

Profc'^.^or  De  Koninck,  who  has  kindly  examined  pperimens  of 
this  shell,  remarks  that  it  has  some  n semblance  to  Main  cJif  ilu.< 
canal iculatus^  M'Coy,  and  that  it  is  doubtful  whether  it  belongs  to 
Maerwihmlusy  an  opinion  with  which  I  entirely  agree. 
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TRocnirs  sebbilihba,  Phillips,  GeoL  Yorks.  pi.  xv.  f.  80. 

A  small  elongately  trochiforra  she^l  occurs  with  the  other  uni- 
valves  in  the  limestone  east  of  lianderstone  Castle.  It  is  one  fifth 
off  an  inch  in  length,  and  one  eighth  wide,  with  from  dx  to  seyen 
gradnally  increasing  and  strongly  tuberciilatcd  whorls;  and  itaeems 
to  be  identical  with  Troclim  serriUmbaf  Phillips,  so  far  as  can  be 
judged  from  the  figure  of  that  apedea  in  the  *  Qeology  of  Yorkshire/ 

Atioula.  bbota,  M<Coj,  S)^.  Garb.  Foaa.  Iidand,  p.  84,  pL  ziii. 
f.24. 

Specimena  of  an  Aviculoid  shoU  having  much  the  character  of 
this  species  occur  in  various  beds.    Th^  are  rather  longer  com- 

pared  with  tho  wi<]tli  than  il'Coy's  fip^iros,  hut  thoy  have  the  sur- 
face oniamentcd  with  the  same  regular  raibed  lines  of  growth  as  his 
species. 

CtPRIGABDIA  BIOO0TA,  sp.  noT. 

'Plus  shell  has  only  occurred  in  tiie  limestone  to  the  east  of 

Randerstone  Castle,  where  it  is  pretty  common. 

It  is  sranll,  thick-shelled,  suhquadrate  in  outline,  and  has  two  ribs 
or  keeh  runnin";  from  the  umbo  diagonally  to  the  posterior  portion 
of  the  valve.    It  is    of  an  inch  lung  and  ^  of  an  inch  wide. 

ICtaldta  xosxolifobmis,  Brown. 

Avicula  mo^UeliformtSf  Brown,  Fossil  Condiology,  pL  IxvL  f.  19. 
Myalina  communis,  Kirkby,  MS. 

I  am  not  sure  that  the  Mi/dlina  of  the  sliell-beds  of  the  east  of 
Fife  is  the  same  as  the  Water-of-L»'ith  shell  found  at  Woodhall,  and 
described  by  Capt.  Brown  as  Avicnla  niodiofifomtls  \  but  I  think 
it  possible  that  it  is  so,  and  adopt  this  specific  name  rather  than  risk 
the  creation  of  a  synonym. 

Tho  Fifeshire  shell,  however,  appears  to  be  distinct  from  M,  eraua, 
with  which  Ifr.  Etheridge  has  identified  the  Woodball  species,  for 
the  following  reasons: — its  relutivdy  larger  and  more  gibbous  um- 
bones ;  its  more  dol!c;it<?ly  striated  cartila^^e-area  ;  its  rep:ular,  wide- 
apart,  imbricating  lines  of  growth ;  and  its  possession  of  an  anterior 
tooth  and  socket  in  each  value. 

It  is  also  a  smaller  shell,  rarely  exceeding  an  inch  and  half  in 
diagonal  length.  It  is  alwaya  found  best  developed  in  tiie  lime- 
stone and  calcareous  ironstones ;  and  it  is  only  in  such  speoimens  that 
the  peouliarities  of  its  hingcment  are  to  be  seen.  In  tiie  shales  it  is 
often  very  thin-shdlcd,  with  little  or  no  cartilage-area,  and  might 
easily  he  mistaken  for  a  species  of  Anthracomya  were  it  not  for  its 
characteri.stic  lines  of  growth. 

At  one  or  two  localities  a  larger  Myalina  is  found,  and  it  appears 
to  come  nearer  Jf.  tratsa.  The  best  examples  of  this  form  that  I 
have  seen  occur  at  the  Pans'*  west  of  Crail,  in  a  limeatone  that 
represents  another  outcrop  of  Zone  10  of  the  Pittenweem  and  An- 
fltruther  section.  It  is  nearly  three  inches  in  length,  and  has  the 
more  terminal  umbonea  and  strong  cartilage-strife  of  AT.  eratta, 
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thoii{^  Boarooly  so  thiok-flhelled  as  speoimeiis  of  tiiat  speoM  fiymid 
in  the  CarbonifiBioiis-Idmestone  series. 

* 

Sakouinolites  ABDEN8I8,  Etheridgo,  Geol.  Mag.  1877,  vol.  iy.  p.  240, 
pi.  zii.  f.  9-11. 

Tlufl  species  is  very  abundant  in  Zones  3  and  10  of  the  Fitten- 
weem  and  Anslanither  section;  it  is  also  found  in  some  of  the 
Bandcrstoue  beds  and  in  a  limestone  near  Craig  Hartle.  It  varies 
somewhali  in  length,  some  examples  having  the  posterior  side  more 
drawn  out,  with  the  diagonal  ridge  more  pronounoed  and  slightly 
arcuate. 

SAveuiHOiim  smmojiLTUB,  sp.  nor* 

This  spedes  only  oceors  in  Limestone  Ko.  5  at  Banderstone,  where 

the  examples  are  usually  more  or  less  flattened  by  pressure.  It  is 
very  probably  the  sliell  termed  Modiolu  in  the  east  of  Fife  sheet 
No.  41  of  the  Geological  kSurvey  Maps  ;  hut  it  has  more  the  cha- 
racter of  SatiguinoUtes  than  of  the  latter  genus,  and  it  does  not 
seem  far  removed  from  S,  plicatus  as  figured  by  Portlock  *,  It  may 
be  desoribed  provisionally  as  feUows : — 

About  two  inohes  long  and  wide;  tiiin-sheUed;  with 
nearly  straight  and  parallel  dorsal  and  ventml  margins,  the  latter 
with  a  slight  sinus  below  and  rather  behind  the  umbo.  The 
anterior  side  is  short  atid  rather  pointed  ;  the  posterior  is  long  and 
obliquely  truncate.  The  umbo  is  wide,  and  from  it  to  the  postero- 
veutrai  angle  runs  a  well-marked  diagonal  ridge.  The  surface  is 
marked  by  strong  lines  of  growth,  which  occasionally  almost  take 
the  form  of  plioations. 

BsnewicKiA  qiqasixjl,  H'Coy,  Syn.  Carb.  I'oss.  Ireland,  p.  62,  pL  xi. 
f.  40. 

I  have  several  specimens  of  a  large  /S'c/firof^»«-shaped  shell  from 
Limestone  No.  6,  K^inderstone,  which  evidently  come  very  close  to 
the  Sed(jwiekia  gigarUea,  M'Coy.  The  specimens,  whidi  are  all 
more  or  less  erufhed,  are  thin-shelled,  from  3  to  3^  inches  long, 
2  inches  wide,  and  have  the  anterior  side  marked  with  the  regular, 
strong  ridges,  parallel  with  the  margin,  that  are  characteristic  of 
the  genus,  the  remainder  of  the  surface  being  comparatively  smooth. 

Plruropkobus  blboaitb,  sp.  nov. 

This  shell  is  extremely  abundant  in  Limestone  No.  10  at  Bander- 
stone,  associated  with  lAUcrina.  9eokXmrdAgdUim»»  Prof,  de  Koninck 
thinks  it  comes  near  Cyprieardia  eylmdrka^  M'Coy,  though  ho 
agrees  in  referring  it  to  FUurophorus  as  a  new  species.   It  may  be 

described  as  follows  : — 

Elongate,  less  than  half  as  wide  as  long,  convex,  and  thick-shelled. 
Both  dorsal  and  ventral  margins  slightly  convex.  The  anterior  side 
very  short,  narrow,  and  somewhat  pointed ;  the  posterior  side 
narrow  towards  the  extremity  and  obliquely  truncate.  The  umbos 

*  Qeul.  Londonderry,  pi.  xxxiy.  f.  18« 
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are  wide  and  incurved;  a  faint  diagonal  ridge  runs  from  each 
towards  the  postero-ventral  angle,  and  behind  them  extends  a 
narrow  infleeted  oardlaiso-aiea,  whSDo  in  front  is  a  oomparatively 
wide  Innetto.  The  anrfaoe  is  marked  by  numerous  strong  lines  of 
growth.  The  mnsoolar  impressions  and  pallial  line  are  well  shown 
in  casts,  and  a  strong  umbonal  rib  bounds  the  anterior  adductor 
behind.   X«eDgth  three  quarters  of  an  inch. 


Lift  and  Vertical  Raiige  of  Species  found  in  the  Calciferous  iSatuistone 

of  the  East  of  Fife. 


Bange  below  the  CarboniferouB 
LimettoM. 


• •••••••*••««•« 
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— -  Rankiniana,  J.  ^  K,  . 
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Litt  and  VerHeal  Range  of  Species  (oontmned). 
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Ojthere  Jonesians,  Kirkht/. 
 ttqualis,  J. 

—  ■  intermedia.  Miinst.. 

—  nperba,  J.  ^-  K. .... 
— ;— -  qrpridifomiii,  J.  ^  JT. 

Kirkbya  perniianfi.  ■Tones...,,  , 

 spiralis,  J.  4-  K.  

 plicate,  J.  ^  K.   

Leperditia  Okeni,  Miimf  

 1    var.  flootoburdigalei 

mbM  

— —  — — ,  Tar.  elongata,  J.  Sf  K. 

 ,  Tar.  attenuata,  J.  4'  K. . 

——  — — ,  Tar.  eituberate,  J.  ^  K. 
— ; —  ■  f  WW.  obtusa,  J.  ^  K, ..... 
Dithrrocaris,  sp.  (tooth) 

Jjeaia  Leidyi  Jottes  

Arcliwopora  nexilis,  Dg  KoH. . 

Ceriopora  eimili:?,  P^iilf  

Distopora  megastoma,  M  Coy 
Eenestellft  taberealoaarinata,  Eth,, 

 pleboir\,  M'Coy  , 

 Morrisii,  M'Coy   

Sjnooladia,  sp  , 

Athyris  ainbipua,  Soxp  ,  

Chonetes  polita,  M  Coy  

DiadnaniUda,  Phill  

Lingula  mTtiloides,  Sot/}  , 

 Bquamiformi!^,  Phill  , 

Orthis  resupiuata,  Martin  , 

ProduotoA  Mmireliottlatas,  Tar.  oon< 

cinnus  „,„ 

 ,  var.  Martini  , 

 cora,  D'Orbignp  

 longispiniis.  S(yw  

 punotatus,  Mart.  

 aeuleatai,  Jtforf.   

 Youngianus,  Dav  

Khyncbonella  pleurodon, 
.Spirifera  trigonalis,  Mart. 
ovalis,  PkUl. 


Spiriferina  cristntn,  Srh'othr'Dn  ... 
Streptorhyuchurt  (  renisti  ia,  I'hiU, 

Terebratttlahastatn,  Soui  

ATicuIa  recta?,  M'Coy   

 Bp  

ATiculopccten  interatitiiJk,  PkiU. , 

—  finibriatup,  Phill.  

 omatus,  Efk  

 dajpSaia?,  M*Ooff   
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List  and  Vertical  Range  of  Species  (oontmued). 


Baoge  below  the  CarbonifiBraas 

Limeetoue. 
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llaerocbeilus  imbricatus,  £km, 
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List  and  Vertical  Ratige  of  Species  (continued). 


Murchitonia  angulata,  FhUL  . 
— —  gp.  noT.  ?  

Nattoopsis  plicistna,  PUfiL 
— —  elliptioa,  Phill.  
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  8p  
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 ejlindraeeom,  Fkm,   
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42.  Oik  the  P&EDEToiTiAir  Bockb  of  Bohemia.   By  J.  E.  Mabb,  Esq., 
BA.,F.G.S.»   (Bead  June  9, 1880.) 

COIITEHTB. 

1.  Introduction  

2.  Description  of  the  Strata   

3.  Tlio  AHsooiati  d  I«neou9  Rocks  

4.  C'unipansou  ot  ilic  £:tratu  with  Bhtisb  Deposita 

5.  ColoniM   

6.  Sununicy..  

§  1.  IirrBODUcTTOir. 

On  examining  the  geological  map  of  the  neighbourhood  of  Prague, 
by  Profs.  Krejc  i  and  Helmhacker,  it  will  bo  seen  that  the  Predevonian 
ruck^  arc  in  many  places  coTered  by  others  of  Cretaceous  age.  llie 
oountiy  in  wliiGh  they  are  developed  is  in  f aefe  a  plateaii  fonned  by 
a  Posteretaceons  plain  of  marine  denndation,  in  which  the  riven 
have  consequently  not  had  much  time  to  erode  valleys ;  the  sections 
of  the  Pn  devoninn  rocks  are  therefore  principally  found  along  the 
sides  of  narrow  valleys,  which  mostly  run  at  right  angles  to  tl  o 
strike  of  the  beds.  This  strike,  as  may  be  seen  in  the  above-men- 
tioned map,  or  that  of  M.  Barrande,  is  in  a  prevailing  £.N  J!,  and 
W.S.W.  diroetion,  and  a  system  of  firalts  runs  parallel  with  it  and 
was  produced  at  the  same  time.  By  consulting  Prol  EiejSi's  *  Geology 
of  Bohemia'  (printed  in  the  Czech  tongue),  the  sharpness  of  some  of 
the  folds  may  be  seen  (cf.  figs.  17;:J,  IHO,  &c.) ;  in  fact,  although 
the  basin  itself  has  a  very  sirai)le  structure,  it  contains  some  very 
complicated  foldings  and  repetitions  in  places.  These  may  be  weU 
seen  in  the  neighbourhood  of  Beroun,  and  are  shown  on  Er^ii's 
map.  These*  ftddings,  wi&  the  parallel  faults,  were  prodooed  in 
Preoarboniferous  times,  for  Carboniferous  rocks  rest,  nearly  horizon- 
tally, on  the  folded  and  Suited  Cambrian,  at  Btiadonioe,  near 
Beroun. 

Another  series  of  faults,  however,  affects  the  Predevonian  rocks 
and  also  the  Carboniferous,  and  is  hence  Postcarboniferous,  and  this 
series  U  approximately  at  right  angles  to  the  former.  The  folds 
affect  hard  limestones  and  grits  and  soft  ahsles  alike ;  and  as  the 
toeks  have  been  released  from  strain  by  crumpling  and  faulting,  the 
phenomenon  of  cleavage  Is  of  somewhat  rare  occurrence.  The  Pre- 
cambrian  rocks  aro  slightly  cleaved,  but  I  have  seen  no  true  cleavage 
in  any  of  the  Cambrian  or  Silurian  rooks.   This  is  a  fortunate  cir- 

*  The  author  was  sent  out  during  the  past  jear,  by  the  Univerpity  of  Ciun- 
bhdge,  with  a  grant  from  the  Wort  s  fund  ^Qraoe  2,  Peb.  6th,  1879),  to  examine 
and  report  awm  die  Oambrian  and  BOuruni  roelts  of  Bohemia,  with  ipedal 
reference  to  tne  boundar}- between  them.  In  the  folluwirg  paper  the  results 
obtained  are  laid  before  the  Society.  Professor  Sedgwick's  nomenclature  is 
adopted  in  thie  paper,  and  henoe  the  term  Silurian  is  limited  to  the  beds  con- 
taiinpy  BsKfaacws  iiHinM  Bt  F,  Q,  and  H. 
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eamstanee,  as  tending  to  the  better  preBerration  of  tiie  exceptionally 
rioh  fauna  of  tho  Bohemian  basin* 

I  would  hero  thank  those  p:oolopsts  from  whom  I  have  received 
very  vahiable  assistance  ;  and,  firbt,  let  rae  state  the  immense  benefits 
I  have  received  from  M.  Barrando,  by  his  works,  by  his  many  personal 
kindnesses  to  me,  and,  lastly,  by  the  wonderful  example  of  persere- 
ranee,  vhioh  is  the  astonishment  of  any  one  who  has  even  onrsorily 
examined  a  alight  portion  of  his  stupendous  work,  in  the  field.  I 
I  have  also  to  thank  Dr.  Novdk,  of  Fragae,  and  Herr  Dusl,  of  Beroon, 
for  much  aid  in  the  field  and  museum.  My  ncknowledirnients  are 
also  due  to  Frofia.  Hughes  and  Bonney  for  much  kind  assistance. 

§  2.  DBscBiFnoK  OF  HIE  SniiA. 

J,  Precambrian  Eocks. 

On  oxaraminf]:  a  p^eolonrical  map  of  Bohemia,  it  will  be  observed 
thai  ihr  well-known  basin  of  M.  Barrando  lies  with  its  axis  in  an 
approximately  E.N.K,  and  W.S.W.  direction,  and  is  bounded  on 
nearly  all  sides  by  a  series  of  granites,  gneisses,  &c.,  referred  to  by 
Mnrdiison  (*  Silnria,'  p.  372)  as  of  Lanrentian  age.  He  remarks  that 
on  them  rest  vast masses  of  oonglomcrates,  grits,  and  cr)  stalline 
schists,  B,  A;"  he  further  states  that  tho  latter  are  of  Cambrian  age. 
It  would  have  been  iiii]>ossil)le,  in  the  short  time  I  had  at  my  disposal 
for  the  examination  of  these  gneissoso  rocks,  to  have  dttectcd  any 
order  in  them ;  I  therefore  confine  myself  to  a  few  notes  on  their 
lifchologioal  character  and  general  strike. 

The  gneiflsose  series  is  well  exposed  in  the  neighbonrhood  of  Bnd- 
weis.  Proceediuff  in  a  sonth-westerly  direction,  from  Budweis  to  the 
villa«:e  of  Chlumicek,  soon  after  leaving  the  Brown-Coal  formation 
a  section  is  seen  in  prnoiss,  by  the  roadside  south  of  Kalist ;  it  dipped 
north  at  a  high  an^de,  and  was  well  luliated  in  places.  Nearer  Chlu- 
micek the  gueissobo  rock  becomes  iutcrsi)ersed  with  small  garnets, 
whioh  seemed  to  hare  been  produced  owing  to  the  contiguity  of  a 
mass  of  intrusive  edogite.  £ast  of  the  Tillage  of  Holoban,  on  the 
road  between  OhlumiSdc  andKnimau,  a  white  foliated  (]\iartzose  rock, 
with  many  amber-coloured  p^amets,  is  seen,  striking  nearly  E.  and  W., 
and  containin<;  a  dyke  of  black  eclnirite.  At  the  eastern  extremity 
of  Krumnu  a  crystalline  limestone  is  seen  ])y  the  roadside  ;  it  is 
strongly  foliated  and  contains  silvery  mica ;  it  dips  in  a  northerly 
direction,  and  underneath  it  occurs  a  gneisa  having  the  same  dip. 
Between  the  two  there  is  a  band  of  graphite,  but  whether  as  ayein 
or  as  a  bed  I  could  not  ascertain. 

Lyinir  between  tho  jrneissose  series  and  a  mass  of  conglomerates 
&c.,  which  form  etago  }\  of  M.  Barrando,  and  unconformable  to 
the  latter,  which  1  lioj)c  to  show  are  of  the  age  of  the  Harlech 
group  of  Britain,  occur  the  beds  forming  etugo  A,  Barrande.  I  was 
unaUe  to  find  any  section  showing  the  relations  between  this  group 
and  the  gneissose  scries ;  but  that  it  belongs  to  a  separate  formation 
seems  dear  from  the  following  facts: — ^&st»  the  two  are  totally 
different  in  lithological  characters ;  secondly,  whereas  the  earlier 
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group  is  highly  metamorphoBed,  the  later  ouo  has  heeu  subjected  to 
but  slight  metamorphism,  and  that  only  in  places;  thirdly,  the 
rtrike  is  entirely  different  in  the  two  g;ionp0,  the  beds  of  etage  A 
having  a  N.E.  and  8.W.  strike;  finally,  this  group  contains 
firagments  of  the  pieoeding. 

The  relations  of  6in^o  A  to  the  group  above  may  be  seen  in 
many  seetifMLs.  but  notably  in  tlio  ncijj;hbourhood  of  Pribram,  as 
hhowu  in  the  following  diugramiiiatic  section  from  Jiuec  (Giuotz)  to 
Milin  (fig.  1,  p.  594). 

The  beds  of  ^tage  A  haTe  a  strong  lithdogieal  similarify 
wherever  exposed  :  they  consist  of  a  series  of  green  schists,  grits, 
ashes,  and  breccias,  interstratified  with  variously  coloured  homstones. 
Massive  beds  of  the  flatter  occur  in  this  series,  in  the  neighbour- 
hood oi  Prafjuo,  at  Sarka,  and  on  tho  other  side  of  the  Htloldau,  near 
iiuhnice,  uL^o  iu  the  neighbourhood  of  Beroun,  at  Hudlico. 

Grreen  ashy  beds  of  this  age  witb  imperfeot  cleavage  are  seen 
at  Troya,  Hudlice,  Bronm,  Hlobos,  &e,;  but,  so  far  as  I  have  seen, 
they  are  unaooompanied  1^  any  contemporaneous  flows. 

II.  Cambrian  Bod  s  (Sodgw.). 

Etage  B,  Barr.  This  is  excellently  exposed  along  the  banks  of 
the  Littava,  between  Jinec  and  Pribram,  as  shown  in  fig.  1 .  Near 

the  village  of  Cenkau,  the  shales  of  etage  C  are  underlain  by  coarse 
grits  composed  of  granitoid  materials;  beneath  these  are  &ier 
green  grite  succeeded  in  descending  order  by  a  aeries  of  interstra- 
tified compiict  red  shales,  yellow  grits,  and  finely  laminated  green 

shalos  :  tbei*o  seem  to  be  repc:ited  }>y  foldiufrs.  On  reaching  a  mill 
by  the  river-liarik,  south  of  Hlubos,  the  base  of  this  scries  is  seen 
resting,  as  before  mentioned,  with  a  very  marked  unconlormity,  on 
the  last-described  series  (fig.  1).  Tho  lowest  beds  of  the  upper 
series  consist  of  ooarse  conglomerates,  the  pebbles  of  which  increase 
in  size  on  approaching  the  base,  where  many  of  them  exceed  two 
feet  in  diameter.  Tlu»  larger  ones  consist  chiefly  of  hornstones, 
identical  in  character  with  those  of  etage  A  ;  of  other  pebbles  there 
arv  a])undanco  of  quartz,  of  a  blackish  schist,  &c.  The  strike  of 
this  group  differs  somewhat  from  that  of  the  group  below,  and  agrees 
with  that  of  the  whole  of  the  succeeding  etages,  viz.  E.N.E.  and 
W.8.W. 

As  an  excellent  description  of  the  lithological  characters  of  the 

fossiliferoiis  groups  composing  the  bjisin  is  given  by  M.  Barrande 
{<■/.  1)(  t.  des  Col.  iv.  p.  96  «t  teqq.),  I  shall  merely  give  a  short 
outline  of  their  nature. 

Etage  C  contains  the  well-known  primordial  fauna,  and  is  exposed 
on  the  northern  aide  of  the  basin  in  the  neighbourhood  of  Skrey, 
and  on  the  southern  at  and  near  Jinec  (Oinetz).  It  does  not 
extend  aU  round  the  basin,  but  is  overlapped  by  tho  upper  beds. 
At  Skrey  it  consists  of  very  fine  greyish  or  blackish  shales :  at 
Jinec  of  somewhat  coarser  and  slightly  gritty  shales  of  an  olive- 
green  colour,  and  often  weathering  into  larfre  concentric  splieroids. 

Etage  D  is  subdivided  by  M.  Barrande  into  five  "  bandos," 
Q,  J.  G.  S.  No.  144.  2  B 
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1-5 ;  tho  whole  is  characterized  by  him  as  tHo  "  etflgcs  do 
quartzitos ; "  the  lowest  of  the  five  bands  is  further  subdivided 
into  a,  j3,  and  y. 

Bdl  a  lestB  with  a  alight  anoonformity  on  C,  or  on  still  lower 
'  formationB.  It  oonosts  of  a  oonglomeirate,  with  green,  sandy 
matrix  and  small  quartz  pebUes,  where  it  rests  upon  G,  on  the 
right  bank  of  the  Eeroun,  between  Teyrov  and  Skroy.  It  ia  also 
exposed  to  the  east  of  lludlice,  where  it  rests  on  J3,  and  consists  of 
interstratified  green  grits  and  conglomerates.  At  Krusna  Hora, 
where  it  has  proved  fossiUferous,  it  consists  of  quartzose  grits  with 
green  grains  (fig.  2). 

Bdlfi  rests  conformably  upon  a  at  Srubua  Hora  &c.  (see 
fig.  2).  It  consists  of  black,  green,  and  red  pisolitic  ironstones, 
eontaininp:,  T  was  informed,  a  considorahle  quantity  of  phosphorus. 
The  pisolitic  grains  are  frequently  the  colour  of  tho  matrix  in  which 
they  are  imbedded  ;  but  very  often  they  consist  of  alternating  shells 
of  light  and  dark  green,  imbedded  in  a  blackish  or  reddish  matrix. 

D  d  1  y  is  of  a  muoli  greater  thickusis  than  a  and  /3  together. 
It  consists  of  exceedingly  fine,  slightly  micaoeons,  Uack  muddy 
shales,  with  a  somewhat  flaky  appearance,  not  usually  very  foesi:* 
liferons.  At  Vosck,  to  tho  S.W.  of  the  basin,  where  fossils  are 
abundant,  thoy  are  found  imbedded  in  irunstono  nodules  an  inch 
or  two  in  diameter,  which  are  by  no  means  generally  distributed 
throughout  this  horixon. 

Dd  2,  the  most  arenaoeous  hand  of  the  ** stages  de  qoartadtes," 
consists  chiefly  of  white  or  light  pink  thickly  bedded  grits,  with 
occasional  thin  beds  of  sandy  sheJe,  and  in  some  places,  in  the 
neighbourhood  of  ]3croun,  there  is  a  fairly  thick  series  of  pinkish 
flaggy  grits,  hpple-marked,  and  with  fucoid  markings  and  auuelid- 
tradks. 

D  d  3  oonsistB  of  fine  hlacik  mnddy  shales,  with  Tory  minute 
mica  flakes ;  with  these  are  intentiatified  oooadonal  thin  heds  of 

grit.    The  whole  is  of  no  great  thickness. 

I)d4,  Gritty,  ferruginous,  and  very  micaceous  slmles,  of  a 
predominating  greyish  colour,  false-bedded,  ripple-marked,  and 
with  many  fucoid  marks  and  annelid-tracks.  The  series  contains 
a  band  of  oolitic  ironstones  running  parallel  to  the  road  between 
Prague  and  Beronn,  as  shown  in  the  map  by  Krej&i  and  Helm- 
haeto.  In  the  neighhonihood  of  Y ral,  to  the  N  Jl.  of  Beronn,  some 
calcareous  beds  occur,  forming  a  strong  feature. 

The  limestone  is  nodular  and  of  a  dark  oolonr,  with  intentratified 
shales,  and  very  fossiliferous. 

D  d  0.  A  series  of  unctuous  olive-green  shales,  interstratified, 
especially  towards  the  top,  with  gritty  shales  and  grits.  Prof, 
Eregci  ^yides  this  band  into  two  {cf.  his  '  Geology  of  Bohemia,' 
p.  385) :  a  lower  shale  divisian  he  terms  Biidlioe  Kralodvorsk^," 
from  KralfiT  Drilr,  near  Beroun :  and  an  upper  grit  division, 
*'  Kromence  Kosovske,'  from  ^It.  Kosov,  also  near  "Reroun.  In  the 
nei<;hbourhood  of  (Jhodaun  prey  shales  occur  ;  near  I'rague,  fine, 
black,  very  foesiliterous  shales  are  interstratified  with  the  olive- 
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green  shales.  In  addition,  iluB  band  and  the  last  (Dd4)  are 
described  as  oontaining  the  ColonieB." 

III.  Silurian  Rocks. 

The  Silurian  epoch  includes  M.  Barrande's  etagcB  E-H.  Unlike* 
the  Cambrians,  the  prevailing  rocks  of  this  scries  are  limestoiio9, 
although  shales  occur  here  and  there,  and  preponderate  at  the  ba.^e 
of  the  series.  Trom  the  manner  in  which  the  limecitones  vary  in 
thickness,  and  thin  ont  altogether  in  horizontal  areas  of  no  great 
extent,  and  from  the  way  in  which  they  differ  from  one  another  in 
lithological  character,  we  should  ezpeet  them  to  possess  peculiar 
faunas  ;  and  this  is  found  to  be  the  ca'Jo. 

£tage  E  is  divided  into  two  bands  by  M.  Barrande,  the  upper 
one  calcareous,  the  lower  one  chiefly  argillaceous. 

E  e  1  is  found  with  inyariable  characters  at  all  parts  of  the 
bashi  where  exposed.  It  is  composed  chiefly  of  shales,  but  becomes 
calcareous  towards  the  top,  passing  into  E  e  2.  It  rests,  as  stated 
by  M.  Barrande  (Def.  des  Col.  iy.  p.  109),  nnconformably  upon 
the  beds  of  D ;  such  unconformity  is  well  seen  on  tho  X.  side  of 
the  Slivenec  valley,  about  J3U0  yards  W.N.W.  of  Gross  Kuchcl  (eee 
fig.  3).  Hero  the  lowest  bed  of  Eel  consists  of  a  calcareous 
conglomerate  with  greenish  pebbles,  about  four  inches  in  thickness, 
resting  on  the  denuded  edges  of  greenish  shales,  underlain  by  thick 
yellow  grits. 

Fig,  3. — Section  on  the  N.  side  of  Slivenec  VaUey, 

(Length  about  15  yards.) 
W.  B. 


1.  Olire-gveen  shales. 

2.  eritii. 

8.  Olive-green  shales,  2  feet  thick  at 
W.  end,  5  feet  tbiek  at  B.  end. 

Un fortunately,  in  most  localities,  the  junction  between  D  and  E 
is  concealed,  or,  where  exposed,  is  a  faultc'd  one  ;  in  the  noiprh- 
bourhood  of  Beroun,  however,  it  seems  to  be  well  exposed  in  two 
yalleys,  yis.  near  Kraldy  Dvfo  and  near  Chodann. 

In  caeh  locality  the  grits  of  D  d  5  are  succeeded  by  similar 
grits  with  unstratified  black  bands,  which  I  would  refer  to  the 
base  of  £,  and  considered  to  have  been  deriyed  by  denudation  frx>m 


4.  Conriomeratio  bed 

Tk  j|  R  ^  ^  inches. 

;■>.  "Wafer"  grapto 
IHie  ehalee. 
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the  uppenaost  grits  of  Dd5.  Above  these  baaenient  beds  an 
.  eyerywhere  found  fhe  beds  of  E  e  1,  capable  of  snbdivision  Into 

tiirce  horizons,  ehaiactcrizcd  by  differenees  of  lithological  oharaetar 
and  of  thoir  faiuias,  which  are  chiefly  graptolitic.  I  shall  treat  of 
the  faunas  when  comparing  the  beds  with  their  English  equivalents. 
The  lowest  of  the  three  horizons  consists  of  fine  black  mudHtones, 
divided  by  bedding  and  joints  into  smaU.  squarish  prisms,  and 
sometimes  into  wafeiy  shales.  It  oontains  also^  in  places,  greenish 
gritty  beds  an  inch  or  two  thick,  as  at  litohlaT.  Tfaus  middle 
hoiison  also  consists  of  black  mudstoncs,  of  a  more  fla^y  character 
than  the  last,  and  containing  calcareous  nodules  and  bands,  usually 
black  also  :  these  are  the  Authracolite  spheroids  of  K.  fiairande 
(D.'f.  des  Col.  iv.  p.  2G). 

The  uppermost  horizon  consists  of  sandy  and  ferruginous  shales, 
weathering  brownish  yeUow,  containing  caleareons  nodnles,  and 
passing  into  thin-bedded  limestones^  vluch  compose  the  summit  of 
Eel.  Between  e  1  and  e 2,  in  the  valley  of  Tachlovioe,  is  a  hand 
of  oolitic  ironstone. 

E  e  2.  A  grejash  crystalline  limestone,  crowded  with  fossils,  and 
of  neuriy  unvarying  character.  At  one  locality,  however,  near 
Lodenicc,  it  contains  a  yellowish  I'errugiuous  and  calcareous  shale. 
The  fauna  is  exceedingly  instructiye,  and  shows  how  caxefol  we 
should  be  not  to  conclude  two  deposits  to  be  of  difSnrent  age»  from 
t&eir  possessing  different  fauna.s  at  short  distances  apart.  In  the 
quarries  around  Prague  and  at  Karlstcin,  Trilobites  are  exceedingly 
rare  in  this  formation.  At  Lochkov.  Croynus  abounds,  to  the  ex- 
clusion of  otlicr  irciicra  in  any  abundance.  At  Listico,  SjJupnworhus 
is  very  abundant,  though  rare  elsewhere ;  other  genera  are  rarer. 
Kear  St.  Johann,  Ca^ymens,  Ohdrums,  SUntrociphdku,  Liehas^ 
and  Aeidaspia  are  all  abundant.  In  all  these  lomlities  the  rook 
containing  these  fossils  presents  the  same  lithological  characters. 
At  Lodenicc,  where  the  rock  is  somewhat  different,  Arethmina 
abounds,  although  rare  elsewhere.  It  is  but  fair  to  state  that 
the  molluscan  fanna  docs  not  vary  to  this  extent. 

£tago  E.  The  two  bauds  of  this  etago  are  of  no  great  vertical 
thickness,  and  are  not  often  seen  in  contact  with  one  another.  At 
present,  a  section  is  exposed  in  the  quarries  of  Dvorec,  near  Prague, 
in  which  f  2  is  seen  superposed  upon  f  1.  A  light  yellow  siUceous 
band  occurs  between  £  and  f  in  the  TaohloTice  vuley»  where  f  1 
appears  to  be  absent. 

F  f  1  consists  of  blackish  crystalline,  thin-bedded  limestones, 
with  thin  black  shales.  It  is  very  black  in  the  valley  near  Lochkov, 
not  so  much  so  at  Dvorec  and  in  the  Slivenec  valley ;  it  does  not 
seem  to  he  of  very  wide  extent. 

F  f  2.  A  very  white  crystalline  limestone,  except  where  stained 
pink  by  hirmatite.  It  is  very  well  develoi)ed  at  Koncpnis,  and 
is  not  found  all  over  the  basin.  Fossils  are  v<m\v  locally  distributed, 
even  in  the  same  sections.  F  f  2  contains  some  chert  bands  in 
places,  as  in  the  Tachlovicc  valley. 

£t^ge  G  oonsisti  of  two  limestone  hands,  with  an  inteormediate 
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shale.  The  lameriones  are  easily  dintingiiMhed  from  any  of  thoee 
before  described  by  their  oompMt  texture  and  stronc^y  nodular 

character. 

G  g  1.  A  dark  grey,  compact  nodular  limestone,  mottled  with 
irregular  black  spots  in  places  ;  the  nodules  are  three  or  four  inches 
in  tiieir  longer  diameters,  which  are  parallel  to  the  bedding.  Intcr- 
stratified  black  shale  beds,  a  fow  indies  thick,  ooonr  rarely.  Chert 
nodules  are  irregolBrly  distributed  in  the  limestone.  At  Hluboccp 
a  siliceous  bed  occurs  at  the  top.    Fassils  are  sparsely  distributed. 

G  g  2.  A  compact,  unctuous,  mottled  shale  of  no  great  thic^k- 
ness,  with  nodules  and  bands  of  grey  limestone  -with  ])lack  mark- 
ings. The  shale  is  usually  of  an  olive-grey,  leaden  grey,  green,  or 
reddish  colour. 

G  g  3  strongly  ressmUes  g  1  in  lithological  character,  Imt  is 

usually  of  a  lighter  colour,  often  stained  pink,  otherwise  weathering 
to  a  buff-(;olour.    The  fauna,  however,  is  very  different,  being  cha- 
racterized by  the  numerous  genera  of  Cephalopoda  which  it  contains, 
itage  H  consists  of  grits  and  shales:  there  is  a  total  absence  of 

an^  calcareous  rock.  It  is  dirided  into  three  bands  of  no  great 
♦■hiAlrt>«t)g^ 

H  h  1.  Orey  non-micaoeoos  shales,  ripple-marked,  and  crowded 

with  fucoid  remains.    It  is  well  exposed  at  Hlubocep,  Hostin,  &c. 

H  h  2  resembles  H  h  1  in  litholcgioal  character,  but  contains 
interstratified  grit  bands. 

fi  h  3  is  liihoiogically  similar  to  H  h  1. 

§  3.  Ihb  Assooxaibd  Iosbovs  Eooes. 

The  igneous  rocks  of  the  Frcdevonian  basin  of  Bohemia  are  many 
of  them,  at  present,  the  subject  of  study  of  the  eminent  petrologist 
Boi^cky.  Tho  following  is  a  list  of  the  principal  ones  which  I 
noticed  : — Granite,  Quarts  Ij'elsite,  Mica-trap,  Porphyrite,  Diabase, 
Uiorite,  Kclogitc.  •  . 

GramU. — ^Ihis  rook  seems  to  be  confined  to  tlie  older  Pre- 
cambrian  series.  I  have  examined  it  in  the  neighbourhood  of 
Mnichovice  to  the  south  of  Prague.  It  is  here  very  hornblendio. 
Near  Klokocna,  north  of  Mnichovice,  a  porphyritic  granite  is  seen, 
with  largo  white  crystals  of  ortlioclase. 

To  the  south  of  Pribram,  granite  is  seen  in  the  neighbourhood  of 
Miliu,  aloug  tiic  boundary*  between  the  older  and  newer  Prc- 
cambrian  series.  It,  however,  seems  to  be  findted  against  the 
newer  series,  as  this  is  not  much  altered  near  the  boundary  with 
tho  granite.  The  granite  is  certainly  Precambrian,  for  the  base- 
ment conglomerates  of  the  Cambrian  system  are  largely  made  up  of 
granitif'  materials. 

(Quartz  lulsifi'  occurs  in  dykes  intruded  in  tlio  Precambrian  and 
Cambrian  rocks  in  many  luculitie;i.  Tho  dykes  appear  to  be  of 
normal  character,  and  of  no  great  interest. 

MieaMmp.  In  tiie  neighbourhood  of  Strasnice  and  Neu  Straanice, 
a  few  miles  east  of  Prague,  several  mica-trap  dykoe  cut  through  the 
shales  of  d  5.   The  dykes  in  eveiy  way  resemble  those  occurring  in 
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the  Lake  district  iu  rocks  of  about  this  age.  Other  localitit-d  for 
iiiioft-tnq[i8  are  reooided  by  Fkofeasor  Bimney  (Q.  J.  0.  S.  vol.  zzxv. 
p.  165).  In  a  paper  hy  Mesns.  Gnnn  and  Glongfa  on  ihe  ffilnrian 
beds  of  Teosdale  (Q.  J.  G.  8.  vol.  xxxiv.  p.  'M))  it  is  stated  that  "  no 
mica-traj)  dykos  are  known  in  tho  Carlwniferou.s  bods  of  tins  disfrict, 
or  of  any  other  part  of  tho  north  of  Kiiirland,  while  such  dykos  arc 
common  iii  the  Silurian  districts  of  tho  L  ike-cuuntr}'.''  Tho 
liohomiau  uuca-traps  afford  a  remarkable  additional  case,  which 
can  hardly  be  a  mere  ooinddenoe. 

PorphyrUe.  There  appears  to  hare  been  an  oyerflow  of  porphyrite 
lavas  during  tho  depootioii  of  d  1  a  ft  /3.  Above  the  oong^merate 
of  d  1  a  near  Skrey  occnra  a  great  series  of  porphyrites  and  asso- 
ciated ashes  and  breccias,  and  a  similar  series  is  seen  above  the  beds 
of  d  I  /3  near  HudJice  (fig.  2),  also  with  ashes,  breccias,  and  agglo- 
moratic  beds.  These  porphyrites  are  usually  of  a  dull  claret-red, 
-with  small  plagiodase  crystals,  visible  to  the  naked  eye,  and  are 
Tory  frequently  amygdaloidaL 

Duthase  ooours  in tnisivein  soft  shales  of  Precambrian,  Cambrian, 
and  Silurian  ago,  often  runnini?  parallel  to  tho  heddiii;?  for  some 
distance.  It  is  excellently  exhibited  in  the  neijjjhbourhood  of 
Kuchelbad,  especially  opposite  the  inn  of  Vyskocilku,  where  it  ia 
intrusive  in  tibe  ahales  of  £  e  1,  which  it  frequently  tdters,  both  above 
and  below.  The  diabase  here  exhibits  beantifol  spheroidal  weather^ 
ing ;  and  similar  weathering  is  seen  in  a  mass  of  diabase  intrusive  in 
the  shales  o  f  the  colony  at  Hodkovicek.  It  often  oontains  fragments 
of  the  rocks  into  which  it  intrudes  :  at  liutovice,  where  it  is  intrusive 
iu  limestone  bands  near  the  summit  of  e  1,  which  are  eom])oa(vl 
largely  ot  Otrhoccrata^  tho  diabase  itself  contains  many  lia^jmcuts 
of  these  Gephalopods,  free  from  matrix,  as  discovered  by  M. 
Barrande. 

Diorite  occurs  as  dykes  intruded  nsoally  into  the  older  rocks  of 

the  basin.  The  dykes  arc  generally  fine-grained,  have  undergone 
considerable  alteration,  and  are  of  little  interest. 

Fj'lt'fite  (serpentine  of  Hauer's  map).  In  describing  the  P'o- 
cambrian  rocks  of  tho  neighbourhood  of  Budweis,  it  was  stated  that 
there  was  a  mass  of  emptive  edogite  in  the  neighbourhood  of 
Chlumi*ek,  which  seemed  to  have  converted  the  gneiss  of  the  Pxe- 
oambrian  series  into  a  garnet  rook.  The  gneiss  seemed  to  me  to 
become  more  granatiferous  as  it  approached  the  eclogito,  until  at  last 
all  the  black  mineral  (hornblende  ?)  disappeared,  and  a  white  in  itrix 
containing  amber-coloured  garnets  remained.  On  examinini;  1  Laiier's 
map  of  Bohemia,  it  will  be  seen  that  the  garnet  rock  which  occurs 
to  the  we^  of  Bndweis  does  not  ran  hi  tiie  direetaon  of  strike  of  the 
Precambrian  rooks,  which  is  nearly  E.  and  W.,  bnt  surrounds 
masses  of  intrusive  eclogite  (serpmitine  of  map).  On  the  same  map, 
also,  it  will  be  seen  that  other  masses  of  garnet  rock  (as  south  of 
tho  Danube,  near  Krems,  and  some  miles  to  the  west  of  Gmiind,  ^k.c) 
are  inv;iriably  accompanied  by  masses  of  rocks  map])ed  as  ser- 
pentine. Hence  the  connexion  does  not  seem  to  bo  accidental,  and 
it  appears  probable  that  the  metamorphic  garnet  rook  Is  due  to  tiie 
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intnuiTe  eclogite.  The  eclogite  itself,  near  Chlumiiek,  Ib  of  a  dark 
oUTo-green  oolonr.   Near  the  small  village  of  Krems,  south  of 

Cliluinicek  (  not  the  Krems  above  mentioned),  it  is  of  a  reddish  hue ; 
south  of  Slavis,  to  the  east  of  Chluiuicok,  it  is  of  an  amber-brown  ; 
whilst  near  Itolohau  it  is  black.  In  each  locality  it  is  ver\-  hard. 
The  last-mentioned  |>bici'  yields  a  very  interesting  section  (fig.  4),  in 
which  the  eclogite  is  clearly  seen  to  be  introsive.  The  section  is  to 
the  north  of  the  road,  just  Wore  it  crosses  a  stream  to  tiie  east  of 
the  TiUage  of  Hobbau. 

Fig.  4. — Section  by  Bridge  east  of  Uoloban.  (Height  about  10  feet.) 


X 


O.  White  qimrtzose  foliated  rook  with  amber-coloured  ganu'ts. 

E.  Hard  bluck  eclogite.  x  X.  Joint  (und  lauli  ?). 

Near  Srnin,  between  this  place  and  Kmraau,  occurs  another  mass 
of  eclogite,  probably  connected  with  the  former  at  no  great  distance 
below  the  surface,  and  altogether  similar  to  it{.  It  is  of  a  brown 
colour*. 

§  4.  GOHFABUOV  OP  THE  SiRATA  WITH  EnOUSH  DsPOSnS. 

In  Salterns  Catalogue  of  Cambrian  and  Silurian  fossils  of  the  Uni- 
yeisity  of  Cambridge  some  of  the  Bohemian  beds  are  correlated 
with  English  deposits.  A  more  detailed  correlation  is  given  by 
Dr.  Hicks  (Geol.  Mag.  dec.  ii.  vol.  iii.  table  opposite  p.  150; 
cf.  also  Hicks,  Q.  J.  G.  S.  toL  xxxi.  p.  552).  Professor  Krejci  also, 
in  his  work  on  the  Geology  of  Bohemia  (pp.  461  et  seqq.\  gives  a  oomp 
paiison  of  the  Cambrian  and  Silurian  rocks  of  the  two  countries. 
Sir  B.  I.  Murchison  (Siluria,  p.  375),  on  the  other  hand,  says,  "  For 
my  own  part,  howerer,!  have  always  thought  that  geologists  should 

*  Profosior  Bonnej  has  kindly  examined  a  dide  of  this  rook  from  Ghlumifiek, 
and  gireii  me  tbe  followinp  note :  — 

"xour  rock  from  Chluinicck  has  no  claim  whatever  to  be  called  a 
eerpentifie.  The  chief  mineral  is  omphacite,  with  perhaps,  as  is  commonly 
the  case, some  smaragdite.  The  other  prerailinf?  miiier.il  is  a  decomposition 
product  after  garnet  ....  It  has  a  pecuhar  fibrous  structure  and  acta  upon 
polarised  li^t,  the  fibree  radiating  irregularly  from  a  contre  outwards.  I  have 
seen  sonu'lhin;?  like  it  in  an  alteration  product  of  Cordierilo  ....  That  it  is 
after  i^arnot  is  shown  not  only  by  ito  mode  of  oocurrenoe,  but  also  by  one  or 
two  bite  of  nntdtered  mrnet  remaining  in  the  centre.  There  are  a  few  brown 
niicrolillis,  in  part  j^rubably  only  stains.  The  rock  therefore  is  aneclopte.  with 
most  of  the  parnets  replaced  by  a  decomposition  product.  The  great  diflTeronce 
in  the  condition  of  the  two  principal  minerals  is  rather  curious,  though  not 
without  parallel  in  the  UHagar  and  angite  of  some  dolerites."'>-T.  O.  B. 
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uot  eudeavour  to  Byuchronizo  any  one  British  subdivision  with 
.  an  ezaet  equivalfliit  In  disfeeat  foreign  laafb.**  In  fhe  ease  of 
Bohemia,  however,  we  find  so  many  rimilaritieB  in  both  fithological 
and  palseontologicol  oharaoters,  occurring  conseeuUvdy  through  a 

aeries  ofb^fh,  that  vre  cannot  suppose  them  to  be  mere  coincidences. 
These  similaritieH  urc  most  titrikin^  iu  the  beds  which  yield  evidence 
of  having  b('<'n  depowited  in  deep  w.itor. 

I.  Conmieiicing  with  tho  Precambrian  rocks,  it  is  soon  remarked 
that  the  two  nnoonfonnable  series  in  Bohemia  strongly  resemble 
those  which  haye  been  named  Dimetian  and  Febidian  by  Dr.  Hicks 
in  Britain.  On  referring  back  to  tho  description  of  the  lithological 
characters  of  the  lowest  pjoup  in  Bohemia,  it  will  bo  seen  to  corre- 
spond exactly  with  that  given  by  Dr.  Hicks  of  tho  St.  David's 
Bimetians.  There  is  no  indication  of  any  intermediate  group,  such 
as  that  described  in  Britain  as  the  Arvonian  beds ;  but  the  green  ash 
and  homstone  series  of  Bohemia,  oonatitating  ctago  A,  Ba^.,  and, 
according  to  Professor  Ercjci,  part  of  ^tage  B  also,  is  regarded  by 
that  geologist  in  his  work  on  the  oonntry  as  oontemporaneons  with 
the  Huronian  rocks  in  America.  It  exactly  reHemblea  tlic  Pebidian 
series  of  Britain,  except  in  tho  greater  development  of  the  horn- 
stones.  As  the  Dimetian  and  Pebidian  series  of  St.  David's  have 
been  correlated  by  American  and  Scandinavian  geologists  with 
deposits  in  their  own  coontries,  it  is  not  surprising  to  find  similar 
formations  occupying  the  same  horizons  in  Bohemia. 

II.  The  Precambrian  rocks,  as  in  Britain,  are  succeeded  by  a  con- 
glomerate series,  not  difFerinp:  Tery  mnch  from  the  npper  series  of 
the  former  in  their  direction  of  strike,  })ut  nevertheless  exhibiting  a 
very  marked  unconformity.  The  resemblance  between  the  Harlech 
beds  of  St.  David's  and  m  base  of  the  Cambrian  of  Bohemia  is 
surprising ;  not  only  do  we  meet  with  the  basement  conglomerate 
with  huge  pebbles,  easily  detached  from  tho  matrix,  but  the  yellow 
grits  and  the  red  shales  are  precisely  similar  to  those  beds  at  St. 
David's  which  have  yielded  fossils.  It  is  too  much  to  expect  that 
these  Bohemian  beds  will  be  found  even  tolerably  fossil ite reus,  after 
the  almost  exhaustive  researches  of  M.  Barrande;  but  it  is  not 
impossible  that  organisms  may^yet  be  fonnd,  and  the  section  by 
the  roadside  near  the  village  of  Genkau  seems  well  worth  a  lengthy 
search. 

The  beds  of  etag:e  C,  or  the  primordial  zone  of  Barrande,  have  by 
many  authors  been  compared  to  some  part  of  the  British  series.  Sir 
n,  Lyell  (Students'  Elements,  p.  4^7)  correlates  the  Menevian  beds 
uud  Lingula  Plags  with  this  etage.  Dr.  Hicks  (Geol.  Mag.  dec.  ii. 
voL  lii.  table)  places  the  Ifenerian  beds  only  on  this  horizon.  The 
Menevian  fauna  certainly  bears  a  strong  resemblanoe  to  the  fliuna  of 
C,  e»f/.  the  occurrence  in  both  of  the  genera  Panradoxides^  Cono- 
runipJif,  Anonellus,  Af/nostus,  etc.  I  think,  for  reasons  to  be  ijivcn 
l)resently.  that  ('tiic:e  ('  does  not  represent  the  whole  of  the  Lingula 
Plags,  if  any  portion  of  thmi.  In  lithological  character  its  resem- 
blance to  the  Menevian  beds  is  very  strong.  Tiiey  both  bcem  to 
hare  been  deposited  in  deep  sea ;  one  proof  of  this  is  given  in  LyeU's 
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'Btadents'  Elements '  (p.  485).  Speaking  of  the  Menevian  heds,  he 
says  (from  information  by  Hicks,  Q.J.  G.  S.  vol.  xxviii.  p.  174), 
Kind  Trilobitea  are  also  found,  as  well  as  those  which  have  the 
largest  eyes,  such  as  3fjV/*0'i^?V>^.<?  on  the  one  hniid  imd  Anopoknus  on 
the  other."  In  a  lecture  on  <leej)-8ea  fishos  delivered  at  Cambridge 
by  Dr.  Giinther,  he  remarked  tliat  these  hshes  had  eitlior  very  largo 
eyes  or  none  at  all,  as  ordinary  eyes  would  be  valueless  at  such  a 
depth.  Sir  Wyrille  Thomson  also,  in  his  Voyage  of  the  *  Challenger  * 
(Atlantic,  vol.  i.  p.  131),  points  ont  tlie  iesemblance*of  the  eyes  of 
the  deep-sea  Cystosoma  Neptum  to  those  of  ^]/liiM.  AVe  may 
infer,  therefore,  that  where  we  meet  with  a  deposit  containing  Trilo- 
bit<.*s  with  alinorniall)'  large  and  abnormally  small  eyes,  but  not 
with  tho8^^  of  ordinary  size,  they  point  to  deep-sea  conditions. 
This  inflBrenee  is  jostificd  by  finding  that  beds  containing  saeh  Trilo- 
hites  have  generally  a  fine-grained  texture,  and  e^hit  similar 
lithological  characters  over  large  areas. 

The  lowest  bed  of  etag<'  D,  viz.  d  1  a,  has  been  described  as  con- 
glomeratic in  some  places,  gritty  in  others.  At  Knisna  Horn,  wlure 
it  consists  of  grit,  it  has  yielded  abundan<-e  of  Lt,i<fula  Ftisthumt.li, 
the  only  fossil  yet  kno\^Ti  in  it.  I  think  this  zone  represent4i 
part  of  Uie  Lingola  Flags  of  Britain,  and  is,  like  them,  of  a  shaUow- 
water  origin.  Dr.  Hicks,  in  above-cited  table,  oorrelatee  Tiingnia 
Flags  with  conglomerates. 

D  d  1/5  is  not  very  fossiliferoti;?.  Besides  some  Lintfithe  and  DiM'tncr^ 
there  are  recorded  from  it  lltn'pidts  (rrirnnn^  Aniphinti  Llndaxuri, 
Ort/tis  (/(aiderffta,  and  hkhiiutsphwrites  f,  rri'ii  na.  The  occurrence  of 
HarpidLS  with  Amjjhion  seems  to  indicate  an  admixture  of  primor- 
dial and  later  forms.  This  would  agree  very  well  with  what  we 
find  in  tho  Tremadoe  Slates.  But  the  lithological  character  of  the 
beds  is  the  most  remarkable,  for  the  pisolitic  ironstones  are  abso- 
lutely undistinguishable  from  those  of  the  Tremadoe  Slates  of  our 
own  area,  and,  like  them,  contain  much  phosplioru.'.  Snceeeded  as 
these  ironstones  are  by  beds  (d  1  y)  which  have  been  recognized  by 
many  authors  as  of  Arenig  age,  we  can  hardly  help  correlating  them 
with  the  Tremadoe  Slates. 

D  d  1  y  has  the  peoaliar  flaky  and  ycry  fine  black  shales  so 
characteristic  of  the  more  t\-pical  Arenig  rocks  of  Britain.  There 
are  indications  of  this  being  a  deep-sea  deposit,  from  tlie  eyes  of  its 
Trilo'oiies.  yK</Iliifi  is  abundant,  and,  on  the  other  bund,  several 
B^wiiis  ot  Af/Hostu8  occur.  Even  in  the  same  genus,  as  pointed  out 
by  Herr  Dusl,  the  eyos  differ  largely,  e.  in  lllanv»^  of  which  /. 
Katzmi  has  aborted  eyes,  and  /.  advena  very  large  ones.  Being  a 
deep-water  deposit,  we  find  that  the  fauna  strongly  resembles  that 
of  the  British  Arenig  rocks,  and  still  more  strongly  beds  of  that  ago 
in  France,  so  that  there  certainly  seems  to  have  been  a  continuous 
Bca  at  this  peri  od  throughout  Western  Kuro])*'.  The  following 
genera  occur  in  the  Arenig  rocks  of  Britain  as  well  as  in  d  1  y  of 
Bohemia  —  JEglirm^  Plaeoparia,  Calymene,  Trinudwgf  Siheiria, 
Hetlonia^  Bdl^rophan.  The  species  of  some  of  these  genera  strongly 
resemble  one  another  in  the  two  countries,  as  pointed  out  by  Mnr- 
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chison  (f^nria,  p.  d77X  <^  B«IUrophon  htidbatnu  is  common  to  the 
two.   Oraptolites  also  occur  in  this  ImukI  in  Bohemia,  although  not 

abundantly.  OraptoTitlnin  avu.'f,  recorded  l)y  Krej6i,  seeins  to  in- 
clude fraprments  of  more  than  one  compound  form  ;  the  same  author 
also  records  a  Duhjiiiogrdptus  (D.  Suessi).  The  Cxraptolites  occur 
in  deep-water  deposita  at  several  horizons  («.  ^.  D  d  3,  d  5,  E  e  i ), 
bat  m  absent  in  beds  fonned  in  a  shallower  sea. 

])  d  2  was  evidently  deposited  in  shallow  water,  and  cannot 
thezelare  he  atrictly  compared  with  any  British  deposit.  The 
faunaprcsents  resemblances  to  that  of  the  Lower  ]'>ala  rocks  of  Britain. 

T)  d  .S  is  another  deep-water  deposit,  rescmblinp;  many  of  tho 
Bala  shales  of  Britain.  Many  of  the  fossils  of  d  1  y  have  returned 
with  the  recurrence  of  deep-sea  conditions.  Some  obscure  Oraptolites 
at  Yinioe  are  apparently  referable  to  OUmacograptiu.  The  most 
abundant  TrOobtto  is  TrinucUus  omahtt  (^T.  coneentricus). 

B  d  4  seems  to  have  been  for  the  most  part  deposited  in  sliallow 
wat^.  Its  fauna  is  xory  similar  to  that  of  the  Middle  Bahi.  In  it 
occurs  ahnii(l;ince  of  Cahjmene^  Clwimrus,  Phacops,  llhemut^ 
Trinucltiis  {T.  (>rnatus=tT.  co  iu\  at  rictus  ^  fx\)\mi\i\.n\  here  also),  and 
various  Cystidcans.  The  limestone  and  calcareous  shales  described 
as  ocenrring  at  Yra&  point  to  deeper  water,  and  present  a  resem- 
blance to  the  Bala  limestone.  l%ey  oontain  Oheintrm  claviger^ 
Phacaps  {Dalmannites)  socialis,  var.  proceva,  TUc^nns  Salterit  Orthii 
^egantuJa  and  other  species,  Stropliommn^  HolojHa^  c^c. 

T>  d  T)  may  partly  rej)resent  Upper  Bala  beds.  This  and  D  d  4 
being  mostly  shallow-water  deposits,  we  cannot  expect  to  lind  any 
strong  resemblance  to  Bnglish  formations;  d5  does,  however, 
contoin  one  aone  of  fine  black  shales,  very  similar  to  some  of  the 
English  Bala  shales,  and  apparently  deposited  in  deep  water.  It 
rarely  contains  Oraptolites. 

III.  The  Silurian  rocks,  as  before  stated,  rest  with  a  slip:ht  uncon- 
formity u])on  the  Cambrian  series,  and  their  basement  beds  are 
sometimes  of  a  gritty  and  conglomeratic  nature.  These  basement 
beds  have  as  yet  yielded  no  foraOs,  so  that  in  Bohemia  there  is  no 
sign  of  a  shallow-water  Hay-Hill  faona.  The  beds  of  E,  especially 
of  its  lower  division,  are  more  strictly  comparable  with  their  British 
equivalents  than  any  other  beds  of  the  basin  ;  for  they  contoin  a 
series  of  graptolitic  faunas  which,  as  lately  sliown  by  ^fr.  Lap\vt)rth, 
in  his  most  instructive  paper  on  the  Moffat  scries  (Q.  J.  (f.  S. 
vol.  xxxiv.  p.  3ii3  &c.),  are  exceedingly  limited  in  u  vertical 
direction,  bat  widely  spread  horisontally. 

The  band  e  1  contains  three  graptolitic  faunas.  The  beds  con- 
taining them  have  been  already  desdlbed,  and  their  fossils  will  be 
considered  at  length,  as  tho  recognition  of  these  three  faunas  is  of 
the  utmost  im])oi'tancc  in  considering  Barrande's  theory  of 
colonies.  Tho  lowest  of  the  three  was  deseribed  as  consisting  of 
fine  black  prismatic  mudstones  with  iutorstratilied  green  bands,  and 
these  are  exactly  similar  to  the  beds  of  the  BirkhUl  l^iales  of  Britain. 
The  fauna  presents  a  still  more  striking  resemblance.  I  have  fonnd 
in  them  the  fbUowing  species : — 
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Mbnonniptus  c)  phiiB,  Lopv, 


 Beck  i,  Barr. 

 teuuis,  PortL 


Baatrites  peresrinus,  JBorr. 

 Linii.fi,  liarr. 

Diplograptus  folium,  HU. 

 tamariMnUy  Nieh. 

Gliinncograptiu  toalurii^  Hi*. 
£etiolites,8p. 


 protoua,  Barr. 

 spiiiigoru?,  iN7f7/. 

 trianguiatus,  Harkn. 


 tnrrioulatiu,  Barr. 

All  the  above  species  are  characteristic  of  the  "Rirkliill  Shales.  No 
other  fossils  thau  Graptolitos  have  yet  bcou  found  iu  strata  proved  to 
belong  to  ibis  zone. 

And  not  only  does  this  Bone  lesemble  the  BiiUiiU  Shalee,  bat  it 
can,  like  them,  be  divided  into  a  series  of  subzones  cbaracteriaed  by 
various  species  of  Oraptolites.  In  the  limited  time  at  ray  disposal  I 
was  unable  to  define  these  subzones,  especially  as  the  whole  of  tliis 
zone  is  never  exi)osed  in  one  continuous  section  ;  but  I  made  out 
that  the  lowest  subzone  consisted  of  what  I  may  describe  as  *'  wafer 
shales" — ^Uaek  shsles  so  thin  as  to  be  broken  into  any  shape 
desired  by  the  fingers,  and  crowded  with  Gfraptolites  emofly  of 
two  species,  vii.  Beuirita peregrlnus  and  Climacorf>"rptu»  tealarts, 
which  occur  in  thousands  at  this  horizon,  to  the  exclusion  of  any 
great  abundance  of  other  species.  This  subzone  is  well  seen  in  the 
valley  running  up  the  side  of  Mount  Kosov,  near^Kralftv  Dvur 
(Beroon),  also  in  the  Chodaun  valley,  between  Zelkovice  and 
Libomysl,  and  in  many  other  places.  Another  subzone  is  character^ 
ized  by  the  abundance  of  Monograptus  tin  riculatus ;  and  this,  as  in 
Britain,  occurs  high  up  in  the  scries.  It  is  seen  between  Enchelbad 
and  Gross  Kuchel,  at  Litohlav  Mill,  and  near  Zelkovico. 

Tlie  next  overlying  fauna  occurs  in  much  more  llaggy  shales, 
with  calcareous  bauds  aud  concretions  in  places.  Its  graptolitic 
&xma  is  that  of  the  Brathay  Flags  of  the  Lake  district,  and  a 
similarity  is  observable  in  the  lithological  character  of  the  two 
deposits.  This  is  specially  marked  at  Branik,  where  the  beds  are 
not  so  Idack  as  is  usual  in  this  zone  in  Bohemia.  I  have  seen 
the  followin;?  (iraptolites  iu  this  zone  (all  of  which  occur  at 
Vyskocilka,  where  the  underlying  zone  is  absent) : — 

Ifooognqptos  priodon,  .BhMMi.  I        Cyrtograptus  Murchisoni,  Girr. 
^^Tomoinua^iVtcA.  |       Betiolitet  Gcinitrianm,  Jiarr, 

All  of  those,  except  the  Cyrtoyraptus^  are  abundant  in  many  local  it  ie:j. 
The  negative  evidence  is  as  strong  as  the  positive,  for  altiiough  the 
two  described  faunas  are  not  separated  by  any  beds  snob  as  the 
Tarannon  Shales  (Pale  Shales)  of  Britain,  they  do  not,  so  fiurasl  have 
seen,  possess  a  sinp^le  spc  ios  in  common. 

A  band  of  limestone  always  occurs  between  this  zone  and  the 
overlying  one.  It  contains  abuudancc  of  Cardiola  int,rrii^,t((, 
Ortltoeerajs^  &c.,  and  is  probably  about  the  horizon  of  the  Middle 
Coldwell  beds  of  the  Lake  District. 

The  overlying  graptolitic  fauna  occurs  in  sandy  shales,  very 
similar  to  those  of  the  Vjjper  Coldwell  beds  of  the  English  Lake 
district.   The  Graptolites  already  enumerated  as  occurring  in  the 
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Monograutus  Flemingii  (?). 
-  tMOl. 


iinderlyiiig  zones  are  altogether  absent  from  this,  and  instead  of 

them  the  following  species  occur  : — 

MonograptuB  colonus,  Barr. 
bohemioui,  Sorr. 

 Roemeri.  Barr. 

Of  these,  the  first  is  much  the  most  abundant,  and  is  found 
wherever  this  division  is  met  with.  M.  testi'i  is  very  rnre  and 
local.  The  other  three  I  have  only  seen  in  the  calcareous  bands 
and  nodnlee  towaida  the  top  of  thu  z<Mie.  These  calcareous  bands 
also  oontain  other  fossils  found  in  the  Upper  Goldwell  beds  of  Britain, 
e.  g.  Sahjsites  catenulariuSf  Ceratiocaris,  CMtida  tnUrrupta^  niaay 
species  of  Ortlioccras^  &e. 

E  e  2  has  a  much  richer  fauna  than  Eel.  I  think  this  also 
may  be  correlated  with  the  Upper  Cold  well  beds  of  the  English 
lakes.  It  contains,  besides  the  fossils  mentioned  as  occurring  at 
Ihe  top  of  E  1,  a  great  abondance  of  BhynehMtdUi  fummJa,  which 
occurs  in  thousands  at  Novy  Mlyn  in  the  Hluboeep  yalley.  This 
formation  presents  a  very  strong  resemblance,  boUl  litiudogioally 
and  palieontologically,  to  the  Wenlock  Limestone. 

The  beds  of  C-iiv^vs  F  and  G  are  both  correlated  by  Murchison 
with  the  Ludlow  rocks  (^.Siluria,  p.  JiSO).  1  think  that  F  1,  how- 
ever, may  be  wholly  or  in  part  of  Wenlock  age.  If  e  2  is  to  be 
refBrred  to  the  Upper  GoldweU  beds  of  the  Lake  district,  f  1  oould 
not  be  newer  than  the  Conbton  Grits,  or  lower  part  of  tiie  Bannis- 
dale  Slates,  correlated  by  Mr.  Avelino  with  1^  Wenlock  rocks  of 
Wales.  In  any  case,  wo  cannot  make  any  close  lithological  com- 
parison of  F  and  G  with  their  British  equivalents,  for  the  lime- 
stones varj'  much  in  thickness  in  the  Bohemian  basin  itself,  and  must 
be  viewed  as  lemtioolar  masses,  rather  than  as  deep-sea  deposita  ex- 
tending laterally  for  agreat  distance.  F  f  2  has  some  fossils  of  a 
decided  Ludlow  aspect,  such  as  its  large  Pmtameri  and  its  fishes ; 
whilst  Goniatites,  which  arc  common  in  G,  occur  in  this  etage  also. 

^Itage  G  presents  undoubted  ;ifHnity  to  the  Ludlow  rocks  in  its 
fauna ;  but  that  fauna  is  nevertheless  a  peculiar  one,  and  each  of  the 
three  bauds  has  its  own  species. 

itage  H  has  been  referred  by  some  geologists  to  the  Devonian 
series ;  but  M.  Banande  has  prored  that  it  is  Silurian.  lis  fbuna 
has  a  remarkable  similarity  to  that  of  G  g  2,  and  is  one  of  the  oases 
so  aptly  described  by  ^kL  Barrandc  as  illustrating  migrations,  other 
cases  being  those  of  d  1 ,  d  3,  and  d  5,  and  of  f  2  and  g  3.  Etage 
H  is  probably  to  be  correlated  with  the  passage-beds  of  Britain  ; 
Professor  Krejci  figures  a  Lcnidodendron  from  this  horizon,  and  it 
also  contains  abundance  of  another  plant,  Fucoides  hosiiuensis. 
Those  who  maintun  the  SEurian  natoie  of  some  of  the  Old  Bad 
Sandstone  rocks  of  the  Welsh  border  would  probably  eonrider  H  to 
be  on  the  horizon  of  those  beds. 

§  5.  CSOLONIES. 

Sir  B.  1.  Murchison  (Siluria,  p.  3S0)  remarks  that  ^  it  now  ap- 
pears oertain  that  his  (M.  Barnmde's)  Second  Fauna,  the 

xepresentatiTB  of  the  Uandeilo  iad  Caradoo  of  Britain,  without  any 
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mixture  of  other  remains,  is  superposed  to  a  band  containinpr  animals 
which  belong  to  his  Third  Fauna,  or  Upper  Silurian;"  and  a  few 
lines  further  on,  "  these  alternations  of  life  indisputably  connect  tho 
Lower  and  Upper  Silurian  rocks  in  one  system,  through  an  inter- 
eh«nge  of  a  oonaiderable  number  of  their  respeoliTe  foaays."  It  h 
needkas  to  describe  the  theory  of  M.  Barraudc  :  this  theory  has 
been  attacked  by  various  authors.  In  1 852  Lipoid  tried  to  account 
for  the  phenomena  in  Bohemia  by  foldings,  but  afterwards  aban- 
doned this  exjilanation.  Prof.  Krejci  afterwards  supposed  them  to 
bo  duo  to  faultti;  both  ho  and  Lipoid,  in  letterB  inserted  in  Jiar- 
xaiide*B  ^D^bnae  des  Gokmies'  (oi.  pp.  80,  82),  deolared  that  tiieir 
former  ideas  on  the  sabjeot  were  not  oorrect.  In  1868,  D'Arehiao, 
fh>m  a  consideration  of  certain  phenomena  in  the  Carboniferous 
rocks  of  Belu'ium,  which  had  been  accounted  for  by  ^1.  liarrande's 
theory,  but  atterwards  proved  to  be  duo  to  i)hysical  disturbances, 
threw  doubt  on  the  theory  aa  applie<l  to  the  Bohemian  phenomena. 

The  fauna  occurring  in  the  colonies  of  Bohemia  was  supixjsed  to 
have  existed  in  the  nortii  of  Europe ;  bat  this  Tiew,  aa  ahown  br  lin^ 
narsson  (cf.  abstract  in  Geol.  "Mag,  dee.  iL  toL  t.  p.  282),  can  no  longer 
be  held.  In  fact  it  has  been  shown  by  Lapworth,  Linnarsson,  &c. 
that  the  liirkhill  Shales  and  their  Scandinavian  equivalents,  which 
contain  a  corrospondinj?  fauna  to  that  of  the  colonies,  arc  not  to  be 
referred,  as  was  formerly  supposed,  to  the  Bala  group,  but  are  much 
newer.  Other  fossils  than  GraptoUtes  occurring  in  the  colonies 
have  also  been  found  in  Britain,  and  a  table  of  these  is  given  by 
Barrande  (Defense  des  Col.  iv.  p.  131 ),  in  which  he  argues  that  they 
all  occur  in  equivalents  of  his  Second  Fauna  in  Britain,  that  is,  in 
the  Upper  Cambrian.  In  analyzing  this  list,  we  find  the  following 
recorded  as  Bala :  —  Chi  irnru<i  hmijnh^  Beyr.,  C.  himncroimtxis^ 
Murch. ;  these  do  occur  at  that  horizon.  »S^h<xrtxochus  mirus  ;  all 
the  specimens  fix>m  the  Bala  of  Britain  refiorred  to  this  spodee, 
which  have  been  examined  by  Tomqvist,  are  xeliBned  by  1dm  to 
Sf)h<rre,vo(  hm  anfjiisHflwu^  Ang.  ((Efvers.  af  K.  Vetenskaps-Akad. 
Forhandl.  1879,  No.  2,  p.  70).  Cardiola  inferrtiptn,  from  the  Bala 
of  Coniston  ;  this  was  when  Profs.  Harkness  and  Xicholson  consi- 
dered the  Coniston  Flap:s  to  be  Bida.  Atrypd  rttu-nldris  and  Stro- 
phomcm  cutjly^ilm  are  from  tho  Llandover)'  Bocks.  Hence  the  fauna 
of  the  Golonies  ia  no  means  to  be  found  in  tiie  Upper  Cambrian. 
ro(^  of  Northern  Europe ;  on  the  contrary,  it  occurs  at  the  base  of 
the  Silurian,  and  therefore  it  cannot  have  migrated  from  the  N.W. 
In  fact  there  is  no  locality  known  where  this  fauna  is  not  charac- 
teristic of  the  base  of  the  Silurian.  The  same  forms  of  Graptolites 
occur  in  Sardinia,  as  figured  by  Meneghini ;  but  their  horizon  is 
unfortunately  unknown. 

Nobody  now  denies  the  ooourrence  of  migrations,  so  ably  treated 
of  by  M.  Banande  in  the  third  part  of  his  '  D^fimse  des  Colonies,' 
in  which  spedes  occur  again  in  beds  of  the  same  great  group  later 
than  those  in  wliirdi  they  are  first  found,  if  the  conditions  be 
favourable  for  their  return,  but  usually  mixed  with  other  forms. 
ThLi,  however,  is  very  diiferont  from  what  is  required  by  the  theory 
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of  ColonieB,  -ns.  tiie  choraoterbtio  firanft  of  one  great  groap  (the 
Silmiaii)  existing  in  another  localiiy  in  an  earlier  one  (the  Cam- 
brian).  We  know  of  no  such  phenomona  in  any  locality  whatever, 

or  in  any  epoch.  Why  Hhould  these  colonics  occur  only  in  Bohemia 
(for  the  j)hcnoraenii  described  aa  colonies  in  otlier  countries  have 
been  all  proved  to  have  a  different  origin)?  and  why  do  we  not  meet 
with  similar  phenomena  in  other  parts  of  the  Fahcozoic  rocks,  or  in 
tlie  Keeozoio  or  Cainozoie  epochs  ? 

In  describing  the  charaoton  of  E  o  1,  and  comparing  this  band 
with  its  British  equivalents,  wo  found  that  it  could,  as  in  Britain, 
he  divided  into  three  zones,  ch.iracterizod  by  parficulrir  (Jraptolitos. 
Tlie  lowest  zone,  characterized  by  the  genera  /Ji)if')<jr(ij)fKs^  L'limaco- 
(jraptus,  and  lUuftriks,  I  shall  speak  of  us  the  "  Bijjloyra^tiis-zoJie  ;* 
the  middle,  chaiaeteiiied  hy  Monograptm  jTrtodiDM,  Jf.  wmenrnB^ 
and  BMfilts  OehuixiantUf  as  the   IViodSim^zone  ;**  the  upper,  with 
abnndanee  of  Mmofjraptus  colonus,  as  tho  "  (7o7o>iM5-zone."  Now 
not  only  are  these  different  zones  observable  in  e  1,  but  also  in  the 
colonies  :  and  although  they  are  not  always  all  three  present,  still, 
when  more  than  one  occurs  in  the  same  colony,  they  always  occur 
in  the  same  stratigraphical  order  as  that  observable  in  o  1 ;  whilst 
if  we  take  the  whole  seriea  of  colonies  as  baada  occazxiug  at  different 
hdrizons  in  d  6,  no  snoh  order  is  obserrable.  This  is  diown  in  the 
following  figure  (fig.  5,  p.  608).  In  this  diagram,  which  contains  only 
colonies  that  1  have  examined,  Colonic  Haidinger  and  that  at  Hod- 
kovicek  (on  the  same  horizon  as  Colonic  Krejci)  are  on  the  S.  side 
of  the  basin  ;  whilst  Colonic  D'Archiac  and  tliat  on  the  road  to 
Vohrada  are  on  the  N.  side.    The  relative  positions  are,  however, 
proved  by  a  blaek  band  containing  abundance  of  Trinudeui  OM- 
fiiuit  together  with  Phaeopt  (DaJm,)  M^ttorui,  Ac.,  whieh  is  very 
constant  in  d  5  in  this  part  of  the  basin,  and  occurs  at  some  distance 
above  Colonic  Krejci,  assuming  the  theory  of  colonies  to  be  true, 
whilst  it  is  in  contact  willi  Colonic  D'Archiac.     The  colony  at 
Lahovska,  wliich  I  have  not  seen,  is  stated  by  Barrande  (Def.  des 
Col.  iv.  p.  58)  to  be  situated  apparently  between  Colonies  Krejci  and 
Haidingor.   It  contains  Menoyraptm  eoUmm, 

We  can  haidly  conceive  such  a  repetition  of  the  different  zones, 
each  in  their  proper  order,  in  examining  one  colony,  but  in  no  OTder 
at  all  taking  the  colonies  as  a  whole,  and  yet  the  species  never  be- 
coming intennixed.  Further,  the  lowest  zone  of  E  e  1  was  before 
spoken  of  as  being  capable  of  division  into  subzones,  characterized 
by  particular  species  of  Graptolites.  This  is  also  the  case  with  the 
BiplograptuM^txakb  in  the  colonies.  Thus  the  lowest  subzone  in 
two  colonies  which  I  have  examined  consiBta  of  the  peculiar 
"wafer"  shah  s.  (Towded  with  CUmacorfrapfm  and  llustrites  pere-  , 
grivfis,  rilready  descnhed  as  characteristic  of  the  lowest  subzone  of 
the  JJii>Ji)</i'aptus-/.onc  of  the  main  mass  in  E  1.  Again,  in  tho  only 
colony  which  has  yielded  Alonot/ntptus  turncuhitus  this  species  was 
found  in  a  subsone  of  the  Diphgraptua-txmo,  very  little  below  the 
base  of  the  Priodmr^ism» ;  tms,  as  before  stated,  is  its  position  in 
the  main  mass  of  e  1. 
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But  there  is  still  auother  difficult}'  couaoctcd  with  the  Graptolitos, 
ttwnming  the  Ifaeoiy  of  Colonies  to  1>e  true ;  when  tiie  nomal  beds 
of  d  5  are  of  snch  a  charactor  as  to  contain  Graptolites,  these  are 

of  different  specie  from  any  found  in  tiie  colonies.  In  tho  black 
slialos  with  TritmcJeus  fri)J(ffHs.'<i  &c.  occurs  a  species  of  Diplwjraptxm 
ditforcnt  from  any  oceurrinf^  in  the  colonies  or  in  the  beds  of  e  1. 
Again,  at  Kraluv  UvSr,  nc;ir  Beroun,  in  beds  fairly  high  in  d  5, 
and  which  must  surely  be  above  some  of  the  colonies,  Dicelh(/rapiu8 
anomt  ocenis.  Why  do  these  not  occur  in  the  eolonies  also  ? 

Although  the  shales  of  the  colonies  are  not  fayourable  for  the 
preservation  of  higher  ovganisms,  tho  limestone  nodulos  are :  one 
would  expect  to  find  some  of  the  characteristic  Trilobites  &c.  of  d  5 
in  these  nodulos,  but  nowhere  is  this  tho  case.  In  Colonie  Zippe, 
however,  occurring  in  the  heart  of  Prague,  M.  liarrande  records  a 
mixture  of  species  of  the  second  and  third  faunas  occurring  in  the 
same  pieoea  of  stone.  Tb»  following  list  is  given  (D6t  des  CoL  !▼« 
p.  116) 

Second  Fauna. 

AMphns  nobilifl,  Barr.  Phncops  (Dalm.)  socialis,  Batr, 


OaXymeuQ  iuoerta,  Barr. 


Triuucleus  Goldfussi,  Barr. 


Third  Fauna. 


Cheirunifl  insignia.  Barr. 
Arethusina  Kuninckii,  Barr. 
SphierexochuB  mirus,  B^, 
Pliacops  Glix-kcri,  Bnrr. 
Leptiena  eugln>ha,  Dalm. 

 Haaen,  Barr. 

Spuifer  tog&tas,  Bairr. 


Orthis  nurlns.  Barr. 
Atrypa  reticularis,  Linn. 

 •  obovnta,  8om* 

Ilhynrhonella  inonaca,  Btut, 
 daphne,  Barr. 

 V 


This  colony,  which  is  described  as  a  mere  lenticular  firagment,  is 

not  now  exposed,  and  has  not,  as  I  am  informed,  been  seen  by  M. 
Barrande  himself.  I  may  remark  that  it  is  exactly  in  the  line  of 
strike  of  the  colony  at  Motol,  and  that  the  beds  of  d  4,  in  which 
it  occurs,  arc  about  the  horizon  of  the  calcareous  beds  of  Vraz 
before  described.  May  not  the  colony  be  a  fault-breccia,  consisting 
of  bits  of  limestone  <i  d  4  and  E,  bound  together  by  a  ealoaieous 
cement? 

Anotlier  case  of  the  coexistence  of  the  two  faunas  at  one  horizon 
is  given  by  M.  Bnrraiide  (Dt'f.  des  Col.  iv.  p.  1  shall  treat  of 
this  when  descri])ing  Colonic  D'Arcliiac. 

Besides  the  paheoutological  difficulties  to  be  overcome  in  accepting 
the  theory  of  oolonies,  there  are  also  stratigraphioal  ones.  In  ex- 
amining Prof.  Krejci's  map  of  the  neighbourhood  of  Prague,  it  will 
be  seen  that  the  band  d  5,  in  the  neighbourhood  of  Heroun,  where 
there  are  no  colonies,  is  very  much  thinner  than  near  Prafrno,  where 
there  are  many;  and  in  examining  tho  beds  in  the  held  this  is  I'oiiiid 
to  be  chietly  duo  to  the  recurrence  of  great  masses  of  grit  in  tho 
parts  where  the  colonies  occur ;  whereas  when  they  are  absent  the 
beds  of  d  5  (whether  or  not  they  can  be  divided  into  an  upper  gritly 
and  a  lower  shale  division,  as  proposed  by  Krejci)  consist  diiefly  of 
one  series  of  shales  and  one  of  grits.   But  this  is  just  tho  opposite 
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of  what  oue  would  expect  if  the 
colonies  were  portions  of  d5 ;  for 
tiie  grits,  being  evidently  depo- 
sited ill  shallow  water,  should 
bo  thickest  where  the  shallow 
water  was  most  prevalent,  and 
not  where  deep  water  prevailed, 
as  shown  by  the  leuticuliir 
Dttsses  of  fine  mud  &o.  which 
compose  the  colonies. 

On  phyriclil  grounds,  also,  it 
is  to  be  expected  that  the  soft 
beds  of  e  1  and  d  5  would  be 
crushed  and  fractured  when  the 
hard  limestones  of  the  beds 
above(E  e  2,  F,  O)  are  folded  and 
faulted  in  a  remarkable  manner. 

Having  described  these  gene- 
ral objections  to  the  colonies,  I 
shall  now  proceed  to  give  a  do- 
tuilod  account  of  those  colonies 
which  I  have  examined :  flnt, 
those  on  the  N.W.  side  of  the 
basin,  viz.  the  colonies  at  ^fotol 
and  Beranka,  Colonie  Cotta,  Co- 
lonic D'Archiae,  the  colony  on 
the  road  to  Vohrada  and  the 
one  at  Tacblovioe;  secondly, 
those  on  the  S.E.  ride,  viz.  the 
colony  at  Branik,  that  at  Ilod- 
kovicek,  Colonie  Krejoi,  and 
Colonic  Haidinger, 

1.  Colon  its  of  MotoJ  and  Be- 
ranka.— The  colony  ut  Motol  is 
situated  aboatfonr  miles  to  the 
west  of  Pragne ;  it  consists  of 
a  considerable  mass  of  black 
shides  and  limestone  nodules, 
with  apparently  intrnsive  dia- 
bases. Its  actual  junction 
with  the  surrounding  beds 
is  not  seen.  The  section, 
fig.  6,  is  taken  across  this 
colony,  and  shows  tlie  raiiiiiicr 
in  which  I  would  exidain  tho 
phenomena.  It  will  be  ob- 
served that  there  is  a  repetition 
of  the  older  beds  to  tho  north 
of  the  colony.  This  indicates 
a  great  fault^  which,  as  shown 
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on  Krojci'a  map,  must  run  throus^h  the  heart  of  Prague  for  many 
miles  in  either  direction,  being  continued  past  lierouu  to  the  S.W. 
MmBOver  the  beds  ef  the  colony  dip  N.N.W.,  i.e.  in  exactly  the 
opposite  direotion  to  the  dip  of  the  neighbouring  part  of  the  basin. 
This  seems  to  point  to  a  trough-fault,  w  hich  is  quite  in  aooordanoe 
with  the  nature  of  the  ground  around  the  colony. 

I  have  seen  no  traces  of  the  lowest  or  DipIor/raptiis-z.onit  in  the 
colony  itself.  The  Priodon-zone  is  scon  on  both  sides  of  the  high- 
road close  to  the  village  of  Alotol,  near  a  conical  hill  surmouuled 
by  a  eroes ;  it  consiBto  of  black  shalee,  with  limestone  nodnlee  and 
bands,  and  oontaias  the  fbllowing  Graptolites : — 

MonograptU8  priodon,  JBronn.      I        Beliohtes  Geiiiitziuuus,  Burr, 
 Tomerinua,  Nick.  \ 

The  CoXomu-zoue  is  separated  from  the  Priodon-zono  (just  as  is 
the  ease  in  nndoabted  beds  of  e  1  at  Vyshoeilka)  by  limestones. 
The  Colonw-zone  yielded  Monograptm  colonu$  in  abandanoe. 
Other  fossils  than  Graptolites  occur  in  the  limestones  of  the  colony, 
among  "wliich  Dr.  Novak  has  discovered  Arethusina  Konincl-it,  pro- 
served  in  the  Museum  at  Prague.  This  is  a  well-known  Trilobite 
of  £  in  Bohemia,  and  the  genus  is  not,  so  far  as  I  am  aware,  known 
in  any  other  country. 

The  colony  at  Beranka  is  a  oontinnation  of  that  at  Motel,  to  the 
W.  of  the  latter,  and  contains  the  IVtoclon-zone. 

It  has  been  already  mentioned  that  the  fault  which  would  bound 
the^e  colonics  would  also  pass  through  the  little  lenticular  mass  in 
Prague,  named  Colonic  Zippe. 

2.  Colonie  Cottn, — This  is  to  the  8.8. W.  of  Jinonioe,  betweea 
Prague  and  Bepora,  and  about  two  miles  to  the  south  of  the  last- 
deseribed  colonies.  It  merely  exhibits  a  mass  of  diabase  rising 
out  of  alluvial  deposits^  and  including  baked  sandy  shales  with 
Mono;/r(tj)tus  coJonus  in  ahundanoo.  It  is  on  the  line  of  strike  of 
the  colony  about  to  be  described. 

3.  Colonie  D'Archutc. — Situated  about  two  miles  S.W.  of  the 
last  described.  There  is  no  good  rock-exposure  betwixt  the  two 
colonies.  I  was  fortunate  enough  to  examine  that  under  consider- 
ation, along  with  Br.  Novak,  just  after  a  section  had  been  exposed 
along  a  road-cutting,  and  this  showed  clearly  the  relations  between 
the  "  colony  "  and  the  surrounding  beds.  In  M.  Jiarrande's  map  of 
this  colony  (appended  to  Def.  des  Col.  iv.)  a  mass  of  diabase  is 
shown  crossing  the  road  to  Trehonice,  between  the  colony  and  the 
beds  of  d  5  to  the  S.E.  of  it.  This  mass  does  not  appear  in  the 
road-seetion,  and  at  this  point  a  dear  exposure  is  exhibited,  as  shown 
in  the  following  figure  (fig.  7).  In  this  section  the  beds  between  X 
and  Y  were  contorted  in  every  possible  manner.  A  calcareous  band 
containing  Munnrfrapins  colonm  &c.  occurred,  much  folded,  near 
one  conuT  of  tliis  mass,  and  above  it  were  blackisli  sandy  shales, 
similar  to  those  of  the  top  of  the  colony,  lielow  were  black  and 
olive-green  shales,  with  little  nodular  coner^ons,  like  those  of  d  5, 
and  containing  fn^ments  of  fossils.  The  relations  of  the  beds  above 
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and  below  are  sliown  in  the  larger  section  across  the  colony 
itself  (fig.  b ).  There  is  no  alteruutivo  but  to  consider  the  maas 
between  X  and  Y  as  filling  up  the  fitBure  of  a  fault;  for  the 
Uaek  Trinudeiu-M^  at  their  aouthem  eztremitj,  are  saooeeded 
Jay  the  usual  green  shales  and  grits  of  d  5,  of  which  there  is  no  trace 
here,  and  the  idea  uf  an  onoo^nnitj  IS  negatived  by  the  smashed 
nature  of  the  rock. 

This  section  would  also  account  for  the  coexistence  of  the  two 
faunas  at  one  horizon  described  by  M.  Barrande  (Def .  des  CoL  iv.  p.  38) 
as  oocnrring  at  the  summit  of  this  eolony ,  and  before  alluded  to.  As 
will  be  seen  by  the  section,  there  are  at  least  two  other  faults  in 
connexion  with  the  colony,  which  arc  seen  in  clear  ezpoenres. 

The  palcDontological  evidence  of  this  "  colony  "  is  as  satisfactory 
as  the  physical,  the  three  zones  of  Graptolitcs  being  easily  made  out. 
The  lowest,  or  JJiiiluyraj^tut-zone,  is  bounded  by  faults  on  either  side, 
tliat  between  it  and  tiie  sliales  of  d5  bdug  a  ipeilbetly  dsan-oot 
fracture,  whilst  the  one  above,  dividing  it  from  m  iVtoAm-xone,  is 
marked  by  a  fissure  filled  with  fault^mbble.  The  lowest  subzone  of 
the  Diplo(/raptug-7.ono  is  alone  to  be  seen  in  the  roadside  cutting. 
It  consists,  as  usual,  of "  wafer  shiUes"  crowded  with  Climacogntptui 
sealant  and  liastriUs  j^eregrinus.    It  yielded  to  a  short  search ; — 


Monograptus  Broki,  Barr. 
Bnstritefl  pereerinus,  Barr, 
Biplograptus  foliufo,  His. 


Diplocraptus  tainariaoos^  2/tek, 
CUmaoograptUB  scalari%  JSRk 


The  PriodoH-zonc  is,  as  usual,  a  black  flaggy  shale,  containing  bands 
and  nodules  of  limestone.  The  included  igneous  roeks  are  weD  de- 
scribed by  H.  Barrande  in  his '  B^ense.'  Hie  Graptolites  obtained 
were  :— 

IConqgnptng  priodon,  Bromt.      I       Monograptus,  gp. 

vomeriniuv  Ifiek,  \       BefciolitM  GciniUiaiiiii^  Barr, 

The  Colonm-zonc  is  n  sandy  black  shale,  weathering  yeUowishf 
and  oimtaining  limestone  bands  and  nodules.   I  obtained 

MonograptiH  polonus,  Barr, 
— —  bobemioiUk  Barr. 

I  also  obtained  NaiieeSIa  iitbicina  and  PeUo€ari$?  from  a  nodule  in 
this  sone. 

4.  Colony  on  tJw  road  to  Vohrada. — 'J  his  lies  ])etween  Colonic 
])'Are}iiac  and  the  main  mass  of  e  1.  Jk'tween  it  and  the  last  de- 
scribed lie  the  jTnntfcZetM-shales,  and  green  shales  and  grit«  of  d  5, 
whilst  between  it  and  the  main  Silurian  mass  are  green  shales  and 
coarse  green  and  yellow  grits.  It  seems  to  consist  of  shales  included 
in  diabase,  and  I  was  unable  to  find  any  fossils  in  it ;  but  M.  Bar- 
rande (Def.  des  Cnl.  iv.  p.  41)  records  Monor/raptus  priodon,  Bronn, 
and  liitioUteM  (iei iii(zut,ni»^  Barr.  Iso  section  is  seen  showing  its 
relations  to  the  surrounding  beds. 

5.  Colony  at  TWA/ovtes. — ^The  present  eolony  oocurs  some  mOea 
to  the  W.8.W.  of  Cdonie  B'Arcbiao,  in  the  vulage  of  Taohlovioe. 
Its  eastern  extremity  is  not  seen,  owing  to  overlap  of  Cretaoeous 
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rocks  aiid  drift.  It  may  possibly  be  an  extension  of  Oolooie  D'Ar- 
ohiac  There  is  no  exposure  showing  the  jQnetion  of  tiie  beds  of  the 
cdony  with  those  of  d  6  to  the  S.  of  it.  To  the  N.  green  shales  are 

seen  in  conjunction  with  black  Graptolitic  shales,  near  some  housos 

to  the  N,  of  the  church.  These  preen  shales,  however,  do  imt  ap- 
pear to  belong  to  d  5,  but  to  bo  interstratified  with  the  (Jraptolitic 
shales,  as  at  Lituhlav.  They  contain  i)oorly  preserved  Graptolites. 
I  was  unable  to  procure  any  specimens  from  this  colony  sufficiently 
perfect  f!»r  identification. 

.  To  the  8.  of  the  Silurian  bssin,  passing  from  E.  to  W.,  the  first 

colony  met  with  is 

().  Colonif  of  Branil'. — This  is  not  now  exposed,  .althouph  the  dia- 
bases couneeted  with  it  are  well  seen  in  the  village  of  Brauik,  on 
the  K.  side  of  the  Moldau,  two  or  three  miles  south  of  Prague.  The 
colony  is  soironnded  hr  aUnrial  deposits.  The  only  Graptolites 
found  by  M.  Barrande  belong  to  the  species  Monograplm  eoUmm^ 
Ban.  They  occur  in  a  sandy  and  caloareons  shale. 

7.  Colony  ai  ffodkovteek. — This  occurs  to  the  8.W.  <tf  that  last 
described  and  near  the  river  ^loldan.  Diabases  connecting  the  two 
colonies  can  be  traced,  by  their  features,  |)assiiig  thronirh  the  alluvial 
deposit.  The  figure  (fig.  U)  shows  a  section  across  this  colony  ;  the 
faults  to  the  N.W.  are  seen  in  a  small  quarry.  Only  the  upper 
part  of  the  lowest  {Diphgraptus)  sone  is  exposed ;  it  is  in  close 
proximity  to  the  base  of  the  Priodon'ione.  It  consists  of  Uadi  mud- 
stones,  breaking  into  prismatio  fragments,  and  containing 

In  the  Prlodon-zone  nre  many  masses  of  diabase.  A  large  quarry 
faring  the  river  shows  this  zone ;  it  consists  of  block  iiaggy  shales, 

containing 

Monograptu«  priodon,  Bronn,      I       Betiolltes  QeiniLziauus^  Bwrr. 
—  Tomerinufl,  ^ich.  \ 

The  fo/onM«-zone  was  seen,  at  the  time  of  my  visit,  in  a  small 
gravel-pit  in  the  alluvial  plain ;  it  consisted  as  usual  of  sandy  shale, 
weathering  to  a  yellowish  brown,  snd  contained  numerous  speci- 
mens of  Moiioqrnptus  cohmis,  Barr.    No  fault  is  seen,  as  the  section 

is  covered  liy  tlie  alhiviiil  soil;  but  the  dotted  fault,  if  existing, 
would  pive  sutheient  exphmation  of  the  phenomena  observed  in 
this  loc^dity.  Unfortunately  we  cannot  get  any  direct  evidence  of 
its  existence,  for  before  the  aUuvial  soil  ends  to  the  eastward,  a 
large  N.  and  S.  fanlt  (the  Branik  fault  of  Barrande)  would  cut 
it  off. 

8.  Colony  Krfjh'. — This  colony,  which  is  seen  in  a  cliff-section  to 
the  south  of  the  village  of  Gross  Knrbel,  is  in  the  line  of  strike  of 
the  ((tinny  at  llndkm-icek.  from  wliicli  it  is  distant  more  than  a 
mile,  the  Moldau  a\  illi  its  Jilluviai  plain  intervening. 

I  could  not,  during  my  short  stay  in  Bohemia,  form  any  certain 
<ipimon  of  the  explanation  of  this  colony.  The  section  is  described 
by  H.  Barrande  (Bdf.  des  CoL  iv.  p.  60).  Hia  upper  band  of  trap 
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is  oiily  seen  at  the  summit  of  the  cliff,  and  docs  not  occur  at  the 
bottom.  The  junction  between  this  part  of  the  colony  and  ti&e 
beds  of  <I  5  is  distinotily  shown.  The  beds  of  the  colony  are  here 
nearly  veitiGal ;  those  composing  the  main  mass  are  blackish  sandy 
shales,  weathering  yi  llnwish  brown.  At  what  M.  Barrande  con- 
siders the  top  of  the  colony,  there  are  nodules  of  limestone  and 
some  bands  of  calcareous  grit  very  much  disturbed,  and  these  are 
not  continuous,  but  abut  in  places  against  the  beds  of  d  5.  This 
might  be  due  to  an  unconformity ;  but  I  oonaidered  it  to  he  dne 
to  a  firalt,  whidi  most  have  a  very  dear  fracture.  A  fault,  more- 
over,  would  account  for  the  disturbance  of  the  beds,  which  an 
nnoonibrmit}'  does  not.  This  fault  would  be  continuous  with  that 
supposed  to  let  down  the  beds  forming  the  colony  at  Hodknvieek  ;  it 
is,  however,  here  slightly  reversed.  The  limestone  nodules  yielded 
the  following  Graptulite^  : — 

Monograptus  colonuB,  Barr.         I       Monograptus  Rocmen,  JUarr, 
 bohemicuB,  Barr.  \   Flemingii  ? 

These,  along  with  Cardiola  {nterrujda^  SaticeUa  tuhicina,  &c.,  indi- 
cate distinctly  the  Co/ontts-zone.  At  the  other  end  of  the  colony 
is  a  fracture  indicated  by  a  small  spring  which  trickles  down  a 
mossy  hollow  in  the  side  of  the  diif  and  contains  pieces  of  a  fault 
breccia.  On  the  other  side  of  this  again  are  grits  of  d  5  and  also 
some  black  sli  iles,  not  very  well  exposed,  and  in  which  I  found 
no  fossils,  but  which  I  believe  belong  to  the  Diploffraptus-zouo^ 
for  Barrande  records  Di])lo(;raj>tus  ^jfr/jH^jw,  liarr.  {=.foHum^ 
His.),  from  this  colony.  It  seems  to  me,  then,  that  the  colony  waa 
produced  in  the  same  manner  as  that  at  Hodkoricek,  of  which  it 
is  probably  the  continuation,  but  that  after  its  formation  the  second 
fracture  occurred,  cutting  off  some  of  the  Co?onut-zone,  all  of  the 
Pnodon-zonQ,  and  most  of  the  J)i]^loffra^iuS't/3iD»,  and  giving  the 
first  fault  its  slight  reversal. 

At  the  summit  of  the  chff-section  exhibiting  this  and  the  next 
cdony  is  a  tabikknd  covered  with  corn-fields,  so  that  the  colonies 
here  cannot  be  traced  along  their  strike  to  the  S.W. 

9.  Colonic  ITaidinger. — A  mass  occurring  in  the  same  river-cliff 
with  Colonie  Krejci,  and  a  few  hundred  yards  to  the  S.S.W.  of  the 
latter.  Its  section  is  described  by  M.  Barrande  (i)ef.  des  Col.  iv. 
p.  5y).  It  consists  entirely  of  the  black  *' wafer*'  shales  charac- 
teristic of  the  base  of  the  DipJograj^^tus-zoiiQ.  I  saw  the  outcrop  of 
a  dcan-cut  fault  between  it  and  the  beds  of  d  5,  which  are  supposed 
to  surmount  it.  I  consider  this  colony,  then,  to  be  the  lowett 
Bubzono  of  the  DipJorfraptus-i.ona  at  the  base  of  e  1  faulted  down 
against  the  beds  of  d  5.  1  give  a  section  from  the  Silnrian  base  of 
the  kSiivenec  valley,  across  colonies  Krejci  and  Ilaidiiiger,  showing 
the  view  entertained  as  to  the  explanation  of  these  colonies  (fig.  10, 
p.  615). 

:^r .  Barrande  records  only  Oraptolites  from  Colonie  Haidinger  (Def. 

des  Cel.  iv.  ]).  60).  By  tlie  kindness  of  ITerr  Dusl  of  Beroun,  I  have 
been  ('iialjled  to  make  a  larger  list  of  fossils,  all  of  which,  save  one, 
are  in  ilie  magnificent  collection  of  that  geologist.    Many  of  the 
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■peoies  hare  not  hitherto  been  recorded  from  Bohemia ;  some  of  them 
have  been  fonnd  by  myself  at  the  bnsc  of  tho  main  Silurian  beds  ; 
and  others  would  I  feel  sure  be  found  if  searched  for.    The  list  ia 

AS  follows  : — 


Monoprfiptu«  spinigoni?.  Xich. 
—  trianguliitiie,  Harkn. 
— —  Becki,  Barr. 

 <^hus,  Lapw. 

— —  ienutSi  Portl. 

rites  poropriniia,  BarTm 
capiilahB,  Carr. 


Biplogrnptus  TTiij^beni,  AtcA. 

 folium,  liu*. 

■■  eometa,  Gein. 

'  tainarisniK,  yick, 

'  ainuatus,  2sich, 

CUmaoograptuB  Malaria,  Hi». 
Diaoinooaiia  Browniaiia,  Wwim, 


A]l  these  fossils,  ioclndillg  ^SbA  Dutdnomris  of  which  Hcrr  Dual 
po<9se8se8  three  spedmens,  are  chacaoteiistio  of  the  Birkhill  bhales  of 
Britain* 

$  6.  SinauBX. 

In  very  many  of  the  Flredevonian  rodu  of  Bohemia  we  find 
marked  lithelogioal  lesenihlaneeB  to  the  ooirespondiiig  honcoiis  in 

Britain. 

Tho  Precambrian  series  is  div-isible  into  two  distinct  proiips, 
similar  to  the  Dimetian  and  Pebidian  groups  of  Britain,  and  lying 
nneonfonnahly  to  one  another  and  to  the  overling  Cambrian  roeiks. 

The  beginnuigof  the  Cambrian  period  is  marked,  as  in  Britain,  by 
a  ooane  oonglomcrate,  which  is  probably  of  later  formation  than  that 
of  onr  own  island,  although  it  is  probably  homotaxeous  with  it. 
Moreover,  th(»re  are  strong  reseml dances  lietwcen  the  various  bonds 
of  the  Bohemian  nnd  British  Cambrian  beds,  cs])ecia]ly  nuirkod  in 
the  deeper  wuior  deposits.  The  pala.'outological  similariiies  are  in 
many  eases  not  so  steiking  as  the  lithdogical. 

In  the  Silurian  period,  the  resemblances,  both  lithological  and 
palseontological,  between  Bohemia  and  Britain  were  less  striking 
than  in  the  Cambrian.  Tlic  limestones  so  abundant  in  the  Pohemian 
series  seem  to  be  lenticular  mai^ses  having  no  wide  extension  ;  the 
most  regular  limestone  is  that  of  E  2,  and  this  is  about  the  horizon 
of,  and  comparable  with,  the  Wenlock  Limestone.  But  although  the 
beds  of  this  period  as  a  whole  are  not  so  strictly  oompara]l>le  in  the 
two  countries  as  those  of  the  Cambrian,  we  nevertheless  find  most 
remarkable  eoincidenccs  between  the  zones  of  the  lowest  band,  t.  s. 
the  Graptolito- bearing  shales. 

Tho  igneous  rocks  do  not  present  many  unusual  features :  bnt  the 
occurrence  of  mica-traps  in  the  Cambrian  beds  is  verj"  noteworthy, 
limited  as  they  are,  so  fiir  as  yet  known,  to  Fredevonian  rooks. 

Objeetaon  may  be  raised  to  my  nsing  Prof.  Sedgwick's  nomenela- 
tore  for  tiie  rocks  of  a  region  which  T^arrandehas  so  conclusively 
shown  to  possess  three  well-marked  faunas.  But  the  foregoing 
observations  seem  to  show  that  tlu-  lireak  between  the  upper  and 
middle  faunas  is  m\ich  more  marked  tlian  that  between  the  middle 
and  lower.  In  the  first  place,  the  deposition  of  tho  Cambrian  beds 
does  not  seem  to  have  b^gw  oTer  the  whole  area  nntil  the  elese  of 
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the  Primordial  era,  the  rocks  containing  the  Primordial  fauna,  as 
well  as  the  underlying  conglomeratic  scries,  being  only  locally  de- 
veloped, whilst  it  is  not  until  the  overlying  beds  of  d  1  a  that  any 
thing  like  oontiniioiiB  depooiticii  appean  to  have  aet  in.  Again,  if  I 
am  right  in  referring  d  1  o  &  j3  to  the  Lingola  Flags  and  IVemadoo 
Slates  respectively,  the  unconformity  between  the  Primordial  zone 
and  soponfl  fauna  of  Bohemia  does  not  occur  at  the  same  horizon  as 
that  between  the  Primordial  zone  and  overlying  beds  of  Pritaiii.  for 
the  equivalents  of  d  1  a  /3  are  included  in  the  Primordial  beds  of 
Britain,  or  Cambrian  of  Sir  G.  Lyell,  Br.  Hieks,  and  Ur.  Lapwortfa, 
The  break  between  the  second  and  tliird  Iknnas  of  Bohemia,  on  the 
other  hand,  occurs  at  the  same  horizon  as  in  Britain,  viz.  between 
the  top  of  the  Bala  beds  and  the  Graptolitic  fauna  of  Birkhill  age. 
Lastly,  the  beds  of  d  1  o  &  ^3  hare  as  yet  yielded  by  no  means  a  * 
satisfactor}-  fauna,  so  that  we  do  not  here  get  one  fauna  in  befls 
immediately  succeeding  another,  as  is  the  case  with  the  beds  at  the 
top  of  the  second  and  base  of  the  third  feunas  of  M.  Barrande. 

But  the  connecting  link  between  these  two  latter  periods  was 
supposed  to  have  been  discovered  in  the  colonies  of  M.  Barrande.  T 
fet'l  justified  in  saying  that  I  have  brought  forward  sufhcient  evi- 
dence to  warrant  a  reconsideration  of  the  data  on  which  the  tlionry 
of  colonics  was  founded,  and  to  give  some  grounds  for  the  supposition 
that  they  are  only  portions  of  tibe  band  e  1  faulted  down  among  the 
grits  and  shales  at  the  summit  of  the  Cambrian  series. 

Discussion. 

The  Pbbsideht  said  that  Mr.  Marr  was  the  first  person  who  bad 
attempted  to  ooirelato  the  Tremadoc,  Arenig,  and  Bala  bods  of 
Britain  witii  those  of  Bohemia.   It  was  very  diffioolt  to  understand 

the  existence  of  these  colonics.  In  Britain  we  have  no  recognized 
colonies  ;  but  repetition  of  S])ecic8  occurs  in  some  of  the  Secondary 
rocks.  The  liste  of  fossils  contained  in  Mr.  Marr's  paper  were  of  great 
value. 

Prof.  T.  M*E.  HuoHEs  said  that  the  dii&oulties  under  diseussion 
arose  from  not  checking  the  palo^ontological  by  thestratigrapliical  evi- 
dence, and  thought  that  we  had  in  Mr.  Marr's  paper  a  most  valuable 

contribution  })y  a  very  er»ini)etent  observer.  In  considering  the 
question  he  would  incpiire  (1)  What  is  the  ordinary  manner  of 
appearance  of  the  vaj*ious  forms  of  life  ?  and  (2)  Have  we  experience 
in  any  dear  case  of  that  exceptional  mode  of  oocurvenee  described 
by  the  distinguiahed  author  of  *  The  Theory  of  the  Colonies '  ?  As  to 

(1)  ,  he  thought  that  new  genera  and  species  came  in  gradually, 
owing  to  changes  in  the  conflitions  affecting  life  in  adjoining  areas, 
and  that,  .after  a  similar  interval,  whether  measured  bv  the  thick- 
ness of  continuously  deposited  strata  or  by  the  thickness  of  missing 
deposits  in  the  ciise  of  an  unconformity,  we  observe  about  the  same 
kind  of  difference  in  the  general  faeies  of  the  forms  of  life.   As  to 

(2)  ,  the  appearance  of  a  group  of  fossils  resembling  the  group  in 
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another  part  of  the  scries  in  the  Mme  district  with  a  different  group 
in  the  intermediate  beds  'vvas,  in  his  experience,  very  rare.  The 
only  case  at  nil  like  it  that  be  knew  wob  on  the  borders  of  York- 
shire, where  a  group  of  fossils  occurred  in  a  band  low  down  in  tiie 
Coniston  Grit;  aad  though  the  species  were  all  fouid  here  and 
there  scattered  throug^i  the  seriee,  the  group  was  only  seen  again  In 
that  area  7000  feet  higher  in  the  aeries.  Bnt  this  was  qoite  a 
different  case  from  that  of  the  colonies  now  put  before  them,  and 
he  thouf^ht  the  reeuiTcnce  three  times  of  tlie  three  zones  in  the 
same  order  a  coincidence  too  remarkable  to  be  recseived  without  the 
clearest  stratigraphical  evidence. 

Prof.  JvDD  said  he  had  some  yean  ago  had  the  opportunity  of 
examining  the  district,  and  he  thoQght  the  conclusion  could  not  be 
avoided  that  liarrande  had  been  more  successful  in  the  palojon- 
toloj^ieal  i)raii(:h  of  his  work  than  in  the  strati^aj)hical.  In  the 
former  he  was  quite  unrivalled  ;  but  in  the  field  he  appeared,  during 
recent  years,  to  have  trusted  more  to  others  than  himself.  It  was 
obvioBs  on  examhuiticm  that  tha  beds  ware  madb.  disturbed  and 
xequired  much  careful  mapping. 

Br.  HlOKB  expressed  his  high  appreciation  of  the  ]>a])er.  He  felt 
qnite  convinced  by  the  authors  reasoning.  The  author  had  not  only 
given  him  all  the  beds  he  had  at  St.  Davids  of  Cambrian  and  JSilu- 
rian  age,  but  Pre-Cambrian  also.  He  fully  believed  that  the 
colonies  were  only  repetitions  by  folds  and  faults. 

Kev.  J.  F.  Blaxb  said  that  in  studying  Silurian  Cephalopoda  the 
colonies  proved  a  great  trouble  because  we  did  not  find  Lower 
Silurian  forms  associated  with  Upper  Silurian.  The  CephnIo{K)da  in 
the  colonies,  not  found  in  the  Lower  Silurian,  are  more  allied  to  the 
English  Upper  tSilurian. 

Mr.  Makr  said  that  he  was  much  gratified  by  the  way  in  which 
his  paper  had  been  received.  A  case  whieh  had  been  mentioned  as 
somewhat  parallel  in  the  Lake  district  was  hardly  so,  as  the  sup- 
posed Ludlow  fossils  were  also  Wenlock.  ^f.  Barrande,  of  late 
yeare,  had  had  his  attention  diverted  from  the  Graptolites,  and  SO 
had  not  been  able  to  make  use  of  JJr.  Lapworth's  researches. 
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43.  Faroe  Islands.  Notts  upon  the  Coal  found  in  SI'Deroe.  By 
Arthur  H.  Stokks,  Esq.,  F.(J,S.,  oue  of  H.M.  Iaq)ectors  of 
Hinea.    (iiead  Judo  ;23,  IbbU.) 

Is  the  following  paper  I  have  lihe  bonour  to  lay  before  the  Society 
the  result  nf  n  roront  exploration  of  the  coal-eeams  found  in 
bUderoe,  one  of  the  Fiu  oe  Islands. 

In  the  summer  of  1873  (a  few  months  before  my  connexion  with 
H.M.  service  commenced)  I  visited  Suderoe  for  the  purpose  of  re- 
porting upon  this  coal-field.  During  leave  of  absence  from  official 
work  this  summer  (1879)  I  again  vinted  the  island,  and  also  two 
other  islands  forming  part  of  the  group  called  Faroe.  The  island  to 
which  this  paper  specially  refers  is  the  most  southern,  niid  lirs 
in  the  parallels  of  latitude  61*^  25'  and  01°  42',  occupying  a  goo- 
graphical  extent  of  about  20  miles  by  5  miles. 

Any  paper  bearing  upon  the  eztennon  of  the  area  of  ooal-seams 
within  reach  of  conntriee  using  that  fbd  mnst  possess  pecolisr  in- 
terest, and  tibe  details  of  some  observations  made  in  a  recent  visit 
to  Siideroe  may  not  be  uninteresting  to  the  Membera  of  this 
fcjof'iety. 

The  ])osition  of  the  coal-fields  will  be  best  understood  by  reference 
to  the  map  (p.  621),  the  shaded  part  indicating  the  extent,  or  area, 
under  whidi  coal  is  found. 

Qvalboe  Mtntt, 

The  coal  in  this  district  is  already  being  worked  by  the  natives 
of  Rudervie  by  meane  of  adits  driven  in  the  coal  from  the  mountain- 
side.  There  are  six  adits  now  used  for  getting  coal ;  but  for  a 

distance  of  about  900  yards  numerous  old  adits  can  be  traced,  and 
the  ])lncc  whence  they  were  driven  is  clenrly  distinguishable,  al- 
tboupli  the  entrances  aie  completely  closed  hy  debris.  The  date  at 
which  the  coal  wuh  liist  worked  could  not  be  ascertained.  It  pro- 
bably commenced  soon  after  the  first  settlement  of  the  inhahituits ; 
but  as  peat  is  plentiful,  and  easily  obtained,  the  coal  is  only 
worked  for  a  few  of  the  inhabitants  of  the  small  village  of  Qvalboe, 
none  of  the  coal  being  worked  for  export  ation,  and  the  total  quantity 
Wroutjht  duriiij;  the  summer  being  only  a  few  tons. 

1  visited  these  mines  in  1873,  and  again  in  1870  ;  at  both  visits 
I  found  men  getting  coal  for  the  winter's  supply.  The  working- 
places  are  very  irregularly  driven  ;  starting  first  from  the  mountain- 
side with  an  adit  of  about  5  feet  wide,  they  soon  increase  to  12  feet 
wide,  and  at  intervals  "  thirl,"  or  make  communication  into  the  old 
works.  They  do  not  proceed  far  under  the  monntain,  but  prefer  to 
conimen(  ('  in  another  i>lace  rather  than  drive  a  Ion;;  distance  from 
tiie  mouth  ol  the  udit.  ISo  one  systtm  of  work  is  carried  out,  but  the 
places  are  driven  at  the  {deasore  of  the  men  getting  the  coal.  The 
wholo  of  the  mining-operations  are  carried  on  in  the  most  primitive 
manner. 
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The  tool  used  by  the  men  for  getting  the  coal  was  a  small  iron 
hack,  which,  from  examination,  appeared  as  if  it  was  only  sharpened 
once  a  yoar  to  j^ot  the  annual  stock.  The  light  used  consisted  of  a 
small  wick  of  home-tipun  wool,  fed  with  whale-oil,  depending  from  one 
lide  of  a  circular  piece  of  tia  Himilar  to  a  oommoii  tea-saaoer. 

The  ooal  is  traosportod  from  these  mines  by  both  men  and  women, 
who  carry  it  upon  their  backs  in  small  wooden  boxes. 

The  roof  of  the  mine  is  p^ood.  There  are  no  indications  of  the  roof 
bavin;;  ever  weighted  or  broken  above  the  coal ;  this  is  probably 
due  to  the  small  area  worked,  and  that  directly  the  adit  is  entered 
there  are  some  hundreds  of  feet  of  trap  rock  covering  the  coal.  No 
timber  or  trees  of  any  description  are  grown  upon  the  island ;  hence 
it  would  be  difficult  to  obtain  wood  to  support  the  roof^  ezoept  by 
importing  pit-props. 

There  is  very  little  water  found  in  the  mines,  and  the  adits  being 
driven  from  the  mountain-side,  what  water  is  found  runs  away  and 
falls  into  the  valley  below. 

Of  Tarious  sections  taken  in  these  mines  the  following  two  may 
he  regarded  as  representing  the  average  tiiiekness  of  tixe  seam. 

(1)  Height  120  metres  ibo?e  sea-leveL 

metre. 

Coal   0-37 

ArgiUsoeottS  thale  0*54 

Coal   015) 

ArgiUoOMKia  shale   015  Now 

Dual  0*21  >  being 

Argillaoeoua  thale  0*16  work«l. 

Coal   0-41, 

(2)  A  section  taken  about  north-east  from  the  above,  in  another 
adit  or  mine,  w:is  as  follows  : — 

Height  113  metres  above  sea-leveL 

metre. 

Coal  and  argillaeeous  thale  (about  5( )  pc  r  cent  coal)  O^tO 

Coal    0--'0 

Arsiilaoeous  ahole   1   

OoSl   0^  I  Z^'' 

Argillaeeous  ihale    0  14  i  ?«2L 

Coal   0  57  J 

White  clay  (thickness  not  known). 

Area  of  Coal  Jii  his. 

Prenous  to  the  year  1872  the  above  was  about  all  that  was  known 
with  roijard  to  those  coal-seams  ;  but  the  Danish  (iovernuient  having 
granted  a  concession  of  the  coal  found  on  this  island,  further  explora- 
tion was  made ;  and  when  I  visitod  it  in  1879  I  found  that  the  ftill 
area  of  the  coal-seams  bad  been  proved  by  numerous  openings  made 
all  round  the  mountains  under  wMoh  the  eosl-eeams  rested.  These 
points  are  inflicatcd  by  numbers  and  points  on  the  map,  and  will  be 
referred  to  in  (It'siTil)ini:  each  o[)ening  and  its  section. 

iVo.  1.  20  metres  above  sea-Uvd. — At  this  point  a  small  adit  has 
been  driven  into  the  mountain-side  for  about  14  yards,  aud  a  thin 
seam  of  coal  has  been  worked  by  one  of  the  inhabitants. 
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No.  2.  68  meire$  above  sea-hvel, — This  is  a  small  opemng  made  in 

the  mountain-side  and  exposes  to  view  a  seam  of  coal  0*34  metie 
thick  ;  but  the  thickness  of  the  ooal-bearing  strata  is  not  proved. 

Nn.  \20  vulns  above  sca-Jevel. — This  is  similar  to  No.  2.  A!>out 
3  meUcs  in  depth  ot  j^round  ha-s  been  opened  out,  and  5  small  seams 
of  cool,  from  U*07  metre  to  0'i2  metre  thick,  found;  probably  the 
thioker  seaaii  are  either  above  or  bebw. 

No,  4.  212  metres  above  Ha-hvel. — At  this  point  a  small  heading, 
or  adit,  has  been  driven  in  the  ooalnMam,  with  the  following 
section:'^ 

metre. 


Ood  087 

Argillaceous  shale  with  oiiall  eoal-eeaoie.  0*41 

Coal  0-21 

Soft  clay   0"17 


Ao.  5.  2139  metres  above  sea-level. — This  is  the  almost  perpen- 
dieular  side  of  the  moontain  next  the  Atlantic.  A  heading  has  been 
driven  in  the  coal-seams  abont  8  metres  in  length,  and  at  the  end  of 
this  heading  I  took  the  following  section 

njctre.  • 


Coal  (bright  Iwvrd  coal)   0  ."K) 

Argiltaoeotw  ehale   ()-ii2 

Coftl   019 

Argillaoeous  abuie    0*20 

CW  0-34 


At  a  vertical  depth  of  13  metres  below  this  heading  two  seams  of 
coal  were  found  of  0*44  metre  and  0*15  metre  thick  respectively,  with 
0*60  m.  of  argillaoeons  shale  between  them.  It  is  my  opinion  that 
the  section  given  a])ovc,  representa  the  seams  worked  in  the  Qvalbde 
mines,  and  that  these  lower  Hcams  probably  lie  under  the  coal  now 
being  worked  in  the  UvallKto  valley. 

JS'o.  G,  About  220  metns  above  sea-level. — This  is  inaccessible,  it 
being  a  perpendicular  cliiF,  and  can  only  be  reached  by  a  rope  from 
the  rocks  above ;  but  it  can,  in  calm  weather,  be  approached  on  foot 
within  50  metres,  and  then  is  seen  the  full  thickness  of  the  coal- 
bearing  strata,  which  I  judged  to  be  about  1")  metres,  with  hundreds 
of  metres  of  trap  rock  above,  and  a  similar  rock  below  to  the  sea- 
level. 

iVo.  7.  b  rutins  abave  sea-level. — Two  headings,  or  adits,  have  been 
driven  in  the  coal-bearing  strata  at  this  point ;  but  very  little  coal 
being  found,  it  was  abandoned.  There  is,  however,  one  curious  phe> 
nomenon  noticed  at  this  place,  viz.  a  small  seam  of  coal  0*04  metre 

thick,  and  direetly  upon  the  top  roasts  trap-rock  witliout  any  other  roek 
intrrveiiing.  In  places  tlie  surface  of  the  coal  next  the  trap-rock 
apjxars  burnt,  as  if  an  igneous  rock  had,  whilst  hot,  flowed  over  it. 
I  noticed  this  in  more  than  one  place,  and  found  similar  pieces  near 
No.  4  in  1873. 

No.  8.  240  metres  above  sea'-Uvel. — ^This  is  on  the  southern  sido  of 

the  Trangisvaag  valley,  and  consists  of  a  heading  driven  in  the  coal- 
seam  for  about  30  metres,  at  the  end  of  which  a  good  section  ia 
exposed  to  view. 
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metre. 


Ai^gillaceous  shale   013 

Coal   OiYJ 

ArL^illaoeoUB  shale   {)  'id 

Coul   ()•!« 

Argillju'cous  shulo    0*42 

C.ml   0  23 

Ai-^Mll:iceottsahaJi«   071 

Coal   0-ft3 

ArgilliMWOUS  abide  0*21 

C%«il   0-11 

Argillaceous  shnle    0*20 

Ooal   0-20 


It  would  be  ontering  into  too  minute  details  to  give  all  the  sec- 
tions taken ;  and  therefore  the  author  has  indicated  upon  the  map 
the  whole  of  the  positions  where  the  coal-bearing  strata  haye  been 
discovered,  and  given  a  tabulated  epitome  of  such  sections  as  are 
required  to  prove  thoir  continuity. 

It  i8  very  clear,  from  the  sections  and  hciizihts  of  the  various  open- 
ings made  in  the  mountaiu-sides,  that  the  whole  of  the  seams  of  coal 
are  those  included  in  the  thidmees  of  argillaoeons  shale  which  exists 
between  the  trap  or  dolerite  mountains,  as  previously  named  in 
describing  No.  6  section.  At  no  other  point  could  I  find  a  place 
where  the  total  thickness  of  the  ooal-bearing  strata  could  be  mea- 
sured. 

The  mountain-sides  present  to  the  eye  a  number  of  parallel  layers 
of  trap,  extending  for  miles  in  successive  beds :  the  regularity  of 
these  beds,  and  their  horizontal  position,  running  in  unison,  may  be 
traced  from  the  mountain-top  until  they  ^n  aduuUy  descend  to  the 
sca-level.  They  have  one  uniform  dip  anil  dirt  etion,  stretching  from 
S.S.W.  to  N.nJB.,  and  fidl  towards  the  at  an  angle  of  ftom 
3  to  1  deforces. 

The  heights  of  the  various  openings  made  to  expose  the  coal-seams 
are  given  above  sea-lerd,  and  were  taken  by  means  of  an  aneroid 
barometer.   The  instrument  was  adjusted  to  sea-level  before  start- 

ing  in  the  morning,  and  again  u])on  return  in  the  evening,  the  time 
of  each  observation  correctly  entered  with  the  barometrical  reading, 
and  alterations  allowed  tor  in  the  working-oot  of  the  observations 
after  each  day's  journey. 

It  will  be  seen  upon  reference  to  the  map  that  the  coal-held  is 
divided  into  two  districts,  the  Trangisvaag  valley  eeparating  the 
northern  from  the  southern  coal-field. 

It  is  not  only  possible,  but  very  i)robable,  that  tilis  was  at  one 
time  one  unlnoki n  coal-field,  and  that  the  part  forming  the  Trangis- 
vaag valley  was  washtd  away  after  the  coal-bearing  strata  had  In^en 
deposited.  The  coal  on  either  bide  of  the  valley  being  so  similar  in 
character,  and  its  indination  agreeing  im  both  dip  and  direction, 
there  can  be  but  one  opinion  formed  by  those  who  have  seen  the 
strata,  viz.  that  it  is  one  and  the  same  firmation. 

The  area  of  the  coal-fields  or.  more  pro]ierly  speaking,  ooal-bearing 
strata  (because  it  is  not  yet  definitely  ascertained  that  a  good  work- 
able seam  or  seams  extend  under  the  whole  of  the  district,  although 
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it  is  Tery  probable  that  such  a  seam  or  seams  do  exist)  is  about  5500 
•ores,  Tiz.  the  noitlioni  distriot  about  6000  aenw,  mA  the  wnitiieni 
about  500. 

Coal  has  been  found  in  isolated  places  in  other  paita  of  tiie  island, 
but  in  quantities  to  small  aa  to  leqnire  little  notioe  as  legarda  com- 
mercial value. 

Quality  of  Coal, 

There  are  t  wo  sorts  of  coal  found  in  the  seams — one  a  bright  hard 
conl,  breaking  with  a  conchoidal  fracture,  very  hard,  and  at  times 
prcscntiuf^  a  woody  structure  ;  iu  outward  ap]>earaiu  e  it  is  very 
similar  to  cannel  coal.  The  other  coal  is  like  ordinary  English  house- 
oool,  breaking  in  parallel  lines  of  fraotore,  presenting  a  bedded  struc- 
ture and  not  so  hard  as  the  first  named.  The  whole  of  the  aeams 
may  be  termed  coal  of  the  Lignite  quality ;  and  its  commeroial  value 
will  be  best  understood  by  giving  an  analysis -of  both  kinds  of  ooal. 

Sedded  ooal.  Bright  pitolnr  oosL 

Cftrbon   61-71  68^ 

Sdrogen    4  49  fi'02 

1   25-70  3^ 

QiTgeasiidNitngen  iR  in  24  ao 

10000  lOOOO 

The  calorihc  value,  Uiken  by  Thompson's  apparatus,  gives  the 
amount  of  water  couTorted  into  steam  by  1  lb.  of  the  coal  aa 
liallows: — 

Ik 

Bedded  ooal    9*85 

Bright  pitchy  coal   {^60 


The  population  of  the  whole  island  is  about  2000  persons.  The 
natives  of  Siidcroe  are  by  occupation  fishermen,  and  the  great  quan- 
tity of  peat  which  lies  within  a  few  yards  of  their  dwellings  is  an 
additional  reason  for  their  taking  very  little  interest  in  the  coal. 

The  population  of  the  small  villages  near  the  coal-fields  was  aa 
follows  in  1873  :— 


Trangisvaag    143 

Treira   88 

Frodebo   101 

Ordevig    88 

Q?alboe  862 


777 

Working  of  the  Coal. 

Should  the  coal  be  worked  in  large  quantities,  either  for  the  islands 
or  lor  exportation,  it  would  be  necessary  to  import  nearly  the  whole 
of  the  labour  required ;  the  Paroe  men  would  be  more  troublesome 
than  nsefhl. 

The  coal-seams  lie  so  favourably  for  working  that  no  shafts  would 
be  required ;  and  the  whole  of  the  distriet  I  have  explored  oould  both 
QJ.a&No.l44.  2v 
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The  result  of  my  exploration  hae  been  the  confirmation  of  the 
reported  existence  of  n  lnrp:e  nrea  of  ponl-hoariiipr  strntn,  the  details 
of  which,  T  trust,  will  be  not  only  interesting  to  the  Fellows  of  tliis 
Soeiety,  but  be  placed  upon  record  for  future  reference  when  the 
geology  of  thflse  interesting  idaads  may  be  atodied  by  oliieni  te 
more  able  to  deal  with  the  subject  than  the  author  of  this  paper. 

Sections. 

No.  9.  26d  metres  above  sesr-leveL 


Argillaoeoua  tbale.  ^ 

Ooal  (HIS 

ArgiUaoeoiit  dids   012  i^^n^ 

Ootl   013  V  ^owtTw 

Argfllaeeoiu  shale  with  Twy  anaU  1         '  ' 

bunds  of  ooal    J 

Idght-coloured  argiUaoeons  thals* 

No,  10.  825  metvps  above  aea-leveL 

III0tT8. 

Argillaceous  shnle.  ^  A  few  ynrd?  from  this 

Conl  and  iirgillaoeouB  shale  in  layers  0*22  i  point  ore  to  be  seen 

Blue  argillaoeousehale.   0'23  [  old    ooal  •  workings, 

Ooal    0-20  I  atated  to  have  been 

Blue  argilla<?eou8  slmle    O-ol  j  worked  by  Iforwe* 

Coal    012  )  gians. 

No.  XI.  225  metzes  above  sesr-level. 

metre. 

Trap  rock.  1  Oiieseatn  of  coal  O  il  metre, 

Schistose  rock    05  I  and  unotber  0  07  metre  ot 

Coal  and  argillaoeoua  olmle  mixc<l  100  J   good  bright  coaL 

At  this  ]>oiiit  a  he:i(lin<>  or  adit  was  driven  many  years  ago  by 
the  Norweg:iauH  for  getting  coaL 

No.  12.  322  metres  above  sea-level. 


AlgillaceouB  shale. 

Ooal  with  a  few  thin  banda  of  argillaoeous  shale  0-86 

Light-coloure<l  ilay  •*.*....  0  0,'> 

Argillaceous  ehale   0  30 

Coal    0-32 

White  day. 

This  is  fonnd  nearly  at  the  summit  of  one  of  the  movntains^  and 
is  only  of  veiy  small  area. 

No.  13.  This  is  very  similar  in  extent  to  No.  12,  being  a  small 
area  of  coal-bearing  strata  at  an  almost  inaocessible  hei^t  np  one  of 
the  monntain-peaks. 
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44.  Knte  oti  the  Cranial  Characters  of  a  large  Teleosaub  /rom  the 
WfiiriiY  TjIAs  presrrvefl  in  the  Woodwardian  Mtrfum  of  the 
University  o/Cambridgk,  imlicadivj  anew  Species,  Tklkosaurus 
Ei  cEPnALrs.  By  Professor  H.  G.  Ssbxbt,  J;Mi,b.,  F.G.8,,  &o. 
(iiead  Jose  23, 1880.) 

[Pun  XXIV.] 

Tbi  Woodwardian  Musenm  of  the  Universit)'  of  Cambridge  hai 
lontr  rontainod  the  ciTchral  rc*?ion  of  the  skull  of  a  largo  Tcleosaur 
from  the  Lias  of  W  hitby,  whieh  differs  in  imjwrtant  charaftcrs  from 
the  Tcleosaurs  hitherto  described,  and  adds  some  interesting  points 
to  our  knowledge  of  the  cranial  chaiacters  in  this  extinct  suborder 
of  animals.  Attontion  was  briefly  drawn  to  the  Bpedmen  at  p.  121 
of  my  *  Index  to  the  Fossil  Remains  of  BeptOia  fte.  in  the  Wood- 
wardian Museum/ 1809.  The  skull  has  been  transversely  fractured 
anteriorly,  posterior  to  the  suture  between  the  pnrietiil  and  frontal 
bones,  so  that  no  part  of  the  frontal  region  is  ]»le^erved,  and  there- 
fore no  indication  is  given  of  the  anterior  expansion  of  the  skull 
beyond  the  long  temjJoral  fossse.  The  crest  of  the  parietal  bone 
appears  to  have  been  more  than  usually  wide  and  strong,  bnt  that, 
too,  is  imperfeetly  preseiTed.  The  quadrate  and  squamosal  bones 
are  broken  away  at  the  sides ;  the  base  of  the  occipital  region  is 
fractured,  and  the  pterygoid  bones  are  absent :  but  the  ver}'  imper- 
fections of  the  specimen  led  to  its  being  sawn  through  in  the  median 
line,  so  as  to  display  a  vertical  section  of  the  brain-case.  Care  has 
been  taken  to  make  the  section  so  as  to  throw  light  on  the  lateral 
modiflcations  of  the  brain-oase ;  and  I  now  venture  to  snbmit  to 
the  (leological  Society  some  account  of  the  characters  thus  dis- 
played. In  existing  Crocodiles  the  brain-case  is  relatively  small, 
owing  to  tlio  shortness  of  the  parietal  region,  and  it  is  imperfectly 
closetl  anteriorly  ;  hero  it  is  much  longer  and  larger  in  proportion 
and  closed  by  bono  in  front.  The  thickness  removed  by  cutting  and 
polishing  the  cerebral  section  makes  the  right  half  of  the  skull 
about  half  or  three  qnarters  of  a  oenlimetre  narrower  than  the  left 
half. 

On  the  left  side  (PI.  XXIV.  fig.  1)  the  extreme  length  of  the  frag- 
ment, from  the  basioccipital  articular  surface  to  the  anterior  fracture, 
is  al>out  H)  centimetres:  tlie  extreme  de[)th  of  the  specimen  as  pre- 
served is  about  12  or  Ki  centimet  res  ;  the  brain-cavity  is  narrow  and 
about  14  centimetres  long,  but  on  this  side  appears  to  haTS  extended 
anteriorly  a  little  beyond  tiie  extremity  of  the  bone.  The  termination 
of  the  brain-carity  is  2  centimetres  dee]),  and  8  millimetres  in  .trans- 
verse width,  as  seen  on  the  anterior  fracture,  w[iere  the  outer  margin 
is  convev.  The  ( ranial  cavity  is  long,  and  has  its  suiierior  and 
interior  walls  sligiitly  diverging  as  they  extend  backward.  At  a 
distance  of  \k  centimetre  posterior  to  the  anterior  fracture  the 
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depUl  inoreaaeo  to  mora  Uian  8  oentimefcrat,  and  the  base  and  roof 

of  the  brain  continue  nearly  parallel  to  each  other  for  between  6 
and  7  centimetres.  The  cause  of  the  sudden  anterior  decrease  in 
dc])th  is  that  a  large  nerve  8  miUimctres  thick  is  piven  off  at  the 
anterior  end  of  the  brain,  in  the  median  line ;  and  this,  according 
to  analogy,  I  regard  as  being  the  olfactory  nerve  (fig.  1,  olf).  At 
the  distsnoe  of  aboat  6^  ceniimetieB  backward  a  alight  angular 
bend  ocours  in  the  roof  of  the  brain-caae,  bo  that  it  increases  in 
hciplit  for  the  next  4  centimetres  as  it  extonda  backward.  This 
part  of  the  roof  is  straight ;  the  anterior  part  is  very  gently  arched. 
Below  the  point  where  this  angle  occurs  is  the  entrance  to  the 
pituitary  fossa  (p/).  The  depth  irom  the  roof  of  the  brain-case  to  its 
base  is  6  centimetres.  The  pituitary  foasa  extends  backward  under 
a  strong  forwardly  direetod  process  of  the  sphenoid  bone,  and  from 
it  a  canal  is  prolonged  forward,  which  becomea  a  little  narrower 
as  it  extends  below  the  canal  for  the  olfactory  nerve,  from  which  it 
is  separated  by  a  thickness  of  a  centimetre  of  bone.  This  nerve  1 
regard  as  the  optic  (fig.  1,  op).  The  base  of  the  brain-cavity  from 
the  sphenoid  to  the  superior  extremity  of  the  basioccipital,  where 
the  spinal  ooid  enteis  the  sknll,  i^  gently  concaye  in  length.  At 
10|  oentimebrea  from  the  anterior  end  of  the  specimen  a  stight  bony 
^ooess  descends  downward  and  forward  from  the  roof  of  the  brain- 
case,  as  though  to  make  a  posterior  termination  to  the  cerebrum. 
At  this  point  the  depth  of  the  brain-case  is  about  4 J  centimetres; 
a  narrow  excavation  ai)])ears  beliind  this  process,  not  more  than  a 
centimetre  wide,  and  ratlier  compressed  above,  as  though  marking 
the  position  of  tiie  optic  lobe  of  ^e  brain  (o).  Posterior  to  this  the 
roof  of  the  brain-ease,  which  is  convex  in  length,  descends  rapidly 
to  the  foramen  magnum  (FM),  which  is  less  than  2  centimetres  hi^ 
Tliis  constriction  1  take  to  indicate  the  rehitively  small  size  and  d^ 
pressed  shape  of  the  cerebellum  (C^).  Postorior  to  the  brain-cavity 
the  superior  concave  neural  surface  of  the  ba!iioeci])ital  bone  (Bo) 
extends  backward  for  centimetres ;  so  that,  in  its  median  line, 
the  brain-case  is  remaricaUe  for  the  oomparative  parallelism  of  its 
inferior  snd  superior  margins,  disturbed  mainly  by  the  elevation 
of  the  optic  lobes  and  hinder  part  of  the  cerebnun  and  by  the 
depression  of  the  cerebellum. 

It  will  now  be  convenient  to  describe  the  characters  shown  on 
the  right  side  of  the  section,  fig.  2.  Notwithstanding  the  com- 
parati^tiiinnesB  of  thevertieal  Isyorwhioh  has  been  removed  from 
this  side,  the  brain-ease  is  only  11  centimetres  long,  showing  that 
the  cerebrum  must  be  compressed  &om  side  to  side,  so  as  to  taper 
jtfiteriorly  at  a  rapid  rate.  The  tloor  of  the  brain-c^ise  is  concave  in 
length,  but  tlie  concavity  is  divided  into  two  ])rinpinnl  portions — the 
posterior  one  corresjjoiuling  to  the  ba.sis{)}i('ii(»i(l  region,  and  the 
anterior  one,  which  is  less  regular,  occupyuig  the  presphenoid 
region.  The  roof  of  the  brain-case  now  has  two  bony  prooeaasa 
extending  into  it ;  first,  the  small  one,  already  described,  which  has 
not  grsatly  alterod  ito  shape,  though  it  is  perhaps  a  little  nar- 
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rower  aud  directed  further  downward  and  is  more  anterior  in 
podtlon.  The  portion  of  the  bnnn  or  oeiebral  region  anterior  to 
this  ridge,  which  Is  thus  shown  to  extend  transversely  and  obliquely 
forward  and  outward  over  the  brain,  is  about  d  oentimetres  from 

the  superior  termination  of  the  brain  in  front,  n.s  seen  in  the  section ; 
and  different  from  the  conditioi»  in  the  middle  line,  this  upper  sur- 
face of  the  cerebrum  now  appears  in  this  lateral  position  to  have 
been  slightly  concave  in  length.  Its  depth  at  the  somewhat  abrupt 
anterior  tennination  is  less  than  2)  oentimetres ;  hnt  the  form  of 
the  section  shows  that  the  cerebnun  was  here  slightly  wider  at 
the  base  than  at  its  upper  border.  The  depth  of  the  cerebrum 
increases  posteriorly  to  3  centimetres,  so  that  its  upper  surface  must 
have  been  convex  from  side  to  -^ide,  since  the  depth  decreases  on 
passing  out  laterally  from  the  middle  line.  At  the  position  where 
the  pineal  gland  should  be,  the  cerehrum  on  this  section  has  a  depth 
of  3|  centimetres.  Behind  its  small  limiting  transyerse  ridge,  already 
alluded  to,  is  the  deep  excavation  upward  for  the  optio  lobe  (o).  Its 
height  from  the  base  of  the  br  iin-case  is,  however,  now  reduced  to 
4  centimetres  ;  its  antero-posterior  extent  is  less  than  2  centimetres ; 
it  is  margined  posteriorly  by  a  strong  bony  mass  wliicli  separates  it 
from  the  cerebellum.  The  cavity  for  the  optic  lobe  is  a  little  com- 
pressed superiorly  and  directed  backward ;  but  since  it  rises  high 
above  the  cerebrum  and  occurs  in  the  position  where  the  brain-case 
becomes  widest,  the  optic  lobes  may  be  inferred  to  be  more  developed 
laterally  than  in  the  median  line,  and  probably  extend  outward 
laterally  as  fir  as  the  cerebrum.  The  bony  mass,  which  at  first 
sight  resembles  a  lentorium,  descends  for  more  than  3  centimetres 
from  the  roof  of  the  brain-case,  so  as  to  leave  a  channel  less  than  a 
eentimetre  deep  between  this  part  of  the  hrain-oarity  and  the  floor 
of  the  hrain«ease.  Its  antero-posterior  measurement  is  about  1} 
centimetre,  though  its  outline  is  irregular  aud  it  is  rather  com- 
pressed inforiorly.  As  it  does  not  extend  transversely  across  the 
brain  it  is  clearly  a  mass  bulging  inward  from  the  side  of  the  brain- 
case.  Examined  carefully  it  shows  a  long  Y-shaped  groove  or  canal 
which  is  occupied  by  matrix.  The  bones  lying  respectively  in  front 
of  and  behind  the  long  stem  of  the  Y  are  probably  the  prootic  and 
opisthotic  of  Professor  Huzley,  while  the  bone  above  would  be  the 
epiotic.  In  some  living  Crooodiles  these  bones  extend  inward  into 
the  brain-case,  though  never  to  this  great  de.greo ;  nor  have  I 
observed  any  approximation  to  this  character  iu  the  cranial  cavities 
of  other  Teloosaurians  ;  hence,  as  the  surface  of  the  bone  is  removed 
and  the  margins  of  the  groove  are  sharp,  the  diverging  branches  of 
tiie  Y  (fig.  2,  ?,  ?')  may  be  anterior  and  posterior  semidreular  canals. 
The  section  of  the  cavity  for  the  cereoeUum  is  subquadrate,  being 
flat  above  and  below,  with  the  sides  nearly  parallel.  It  is  2  centi- 
metres deep,  and  about  2^  centimetres  long.  The  cerebellum 
obviously  very  narrow,  though  the  transverse  width  of  the  foramen 
magnum,  which  was  transversely  ovate,  was  about  3  centimetres. 

From  this  description  it  will  be  manifest  that  the  brain  of  this 
Teleosaur  diflEeia  remaikably  tam  that  of  Hring  Ciooodiks  in  the 
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oompresied  fbim  of  the  optio  lobes,  in  fh»  oerelxniiii  tapering  ante- 
riorly, and  in  the '  devdopment  €i  bony  proceeaea  oonresponding 
to  the  divisioDS  between  the  ohief  elements  of  the  brain.  The 

existcnco  of  these  processes  may  perhaps  be  taken  as  indicating 
that  the  brain  filled  the  cerebral  cavity  ;  and  therefore  these  animals 
present  no  analoijy  to  Chelonians,  wliieh  have  the  brain  sheathed 
in  curtilage.  Tim  condition  of  the  cerebral  region  makes  a  marked 
difference  fttm  Fledoaanra  on  the  one  hand  a^  existing  Crocodilia 
on  the  other,  and  rapports  the  idea  that  the  TBLEos^mRiA  constitate 
a  reptile  ty]>e  in  whieh  the  obvious  resemblances  to  the  living 
Crocodiles  liave  been  somewhat  too  emphatically  insisted  upon.  It 
is  in.structive  to  comjtare  this  seetion  with  that  of  a  skull  of  Lfua- 
nodon  figured  by  Mr.  Ilulke,  where  the  posterior  region,  presumably 
occupied  by  the  cerebellum,  is  similarly  depressed,  and  anterior  to 
this  the  brain  riaea  into  a  conTeziiy  for  the  posterior  part  of  tiie 
cerebmm  and  optic  lobes,  only  without  any  trace  of  a  bony  diTision 
bctwn  11  these  two  r^ons,  such  as  is  seen  in  this  Teleosaur ;  and 
then  the  brain  becomes  depressed  anteriorly  much  after  the  Teloo- 
saurian  pattern,  only  the  cerebrum  is  relatively  short  in  the  Dino- 
saur, and  the  brain  has  its  chief  extension  posterior  to  the  pituitary 
fossa,  which  is  the  reverse  of  what  obtains  in  the  Teleoeanrian. 

The  Ga-rial  of  Caen,  named  by  G^eoffioy  TdeotawruM  eadmnmtU,  has 
been  well  figured  by  Cnyier  in  the  seventh  plate  of  the  '  Ossemens 
Fossiles.'  His  lig.  1  represents  a  longitudinal  section  of  the  skull, 
which  displays  a  side  view  of  the  cast  of  the  cerebral  cavity.  The 
total  length  of  the  eerel)ral  cavity  is  6  centimetres.  The  specimen 
shows  the  cerebrum  to  consist  of  a  posterior  part  with  an  ovate  in- 
flation and  amooth  lateral  aorfiMe,  which  ia  2  centimetrea  long ;  bnt 
it  contraota  and  becomea  depreaaed  anteriorly,  and  extends  forward 
for  abont  another  centimetre.  This  anterior  portion  of  the  brain, 
aomething  like  the  olfactorj-  lobes  of  a  mammal  or  fisli,  extends 
under  the  frontal  bone  and  in  advance  of  its  transverse  exi)ansi()n8 
which  form  the  front  border  of  the  large  temporal  fossie.  Tosterior 
to  the  cerebrum  the  optic  lobes  are  well  defined ;  they  are  less  wide 
than  the  oerebnun,  with  the  aidea  flattened  and  depreaaed  in  the 
middle.  The  cerebdlnmia  rather  narrower  than  the  optic  lobes,  and 
waa  evidently  less  high,  with  its  lateral  aspect  more  ronnded.  It  is 
thus  seen  that  the  anterior  part  of  the  brain  only  occupies  about  half 
its  length  ;  and  it  is  difficult  to  suppose  that  this  length  would  bo 
greatly  augmented  were  the  section  made  in  the  middle  line  of  the 
skull.  The  optic  lobes  are  far  longer  than  in  the  Whitby  foaail, 
indicating,  I  think,  a  different  genus.  There  are  indicationa  of  a 
bony  ridge  separating  the  optic  lobea  from  tiie  cerebellum,  but  no 
evidence  that  it  descended  between  theae  parts  of  the  brain  like 
the  otic  bones  in  the  specimen  cb'^cribed. 

It  is  impossible  to  state  accurately  the  dejith  of  bone  which 
covei-s  the  brain  in  the  Whitby  fossil,  because,  as  already  mentioned, 
the  median  orest  is  partly  broken  away ;  but,  as  preaerved,  the  depth 
at  the  posterior  tormination  d  the  oerebnim  ia  about  2^  centimetrea, 
while  the  thickneaa  of  tiie  heme  at  the  anterior  tennination  ia  abont 
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18  millimetni.   Over  the  posterior  part  of  the  brain  the  tliiekneas 
of  tho  bone  was  more  than  doubled.    The  section  shows  the  basioc- 
cipital  to  bo  hir^o  and  strong,  and  very  closely  blended  with  tho  basi- 
spheiioid.    There     no  separate  suture  iudicating  the  presphenoid. 
In  the  median  line,  and  in  the  biisispheuoid  bone,  below  and  some- 
what behind  the  pitidtazy  exoftvatimi,  there  is  an  iurerted  flaak* 
shaped  cavity  18  millimetreB  wide,  whioh  terminates  downward  in  a 
tube  nearly  1  centimetre  wide,  which  in  directed  baokward  and  im- 
perfectly  preserved,  and  appearn  almost  to  impinge  upon  tho  basi- 
occipital  hone.    This  tube  (A'';*)  I  regard  as  the  Eustachian  tube; 
and  tho  ovate  cavity  with  which  it  communicates  (TA)  T  regard  as 
being  a  portion  of  the  tympanio  air-cell,  which  would  thus  appear 
to  have  no  bony  separation  dividing  Uie  portions  on  the  two  sides 
of  the  head.    This  tympanic  air-oell  on  the  right-hand  section 
has  become  more  irregular  in  shape,  and  is  larger,  being  about 
2|  centimetres  dt-ep  and  about  a  centimetre  high,  though  a  bony 
process  indents  the  posterior  margin  considerably.    The  fractured 
condition  of  the  external  part  of  the  right  half  of  the  brain- 
cavity  shows  another  section  of  the  tympanio  air-cell,  still  irregular 
in  form,  bnt  sabqnadrate  and  enlarging  as  it  passes  outward ;  while 
the  vertical  fracture  parallel  to  the  median  line  of  the  skull,  seen 
on  the  outer  part  of  the  left  side  of  the  skull,  shows  this  air-cavity, 
which  has  a  thin  border  formed  in  front  by  tho  prootic  bone  of 
Huxley  (aliR})henoid  bono  of  Owen\  to  be  subovate,  rather  irregular 
in  outJine,  about  4|  centimetres  long  and  3^  centimetres  deep, 
with  a  sharp  plate  oi  bone  penetrating  inward  from  the  niiddle  of 
its  posterior  side.   Anterior  to  this  cavity  (which  attains  a  develop* 
ment  altogether  unparalleled  among  the  living  Orooodilia),  the  left- 
hand  side  of  the  median  section  of  the  skull  shows  an  ovate  per- 
foration 1|  centimetre  in  advance  of  it.    This  cavity  is  2|  centi- 
metres long  and  less  than  1  deep ;  its  border  is  somewhat  irre- 
gular, and  I  regard  it  as  a  section  of  tho  carotid  caual  (c  c).  It 
Ues  just  below  and  on  one  side  of  the  positbn  of  the  pituitary  pit ; 
and  appears  to  be  a  oansl  whieh  passes  stiU  fhrther  outward  as  it 
extends  forward.   The  basioccipital  has  much  the  same  form  as  in 
Plesiosanrs.    The  occipital  condyle  is  rounded,  4|  centimetres  deep 
and  about  ~y\  wide  ;  it  has  a  central  depression,  and  is  margiued  by 
a  sharp  ridge  where  the  external  articular  surface  ends.    This  ridge 
increases  in  sharpness  as  it  descends ;  and  there  is  a  deep  excavation 
or  oonstrictioa  under  its  inferior  border,  so  thst  from  the  neural  canal 
to  the  base  in  front  of  the  ridge  the  depth  Ib  3|  centimetres ;  and 
here  the  excavation  is  oimeave.    The  bone  extends  downward  and  a 
little  backward  in  the  median  line,  on  the  side  of  which  a  nutritive 
foramen  enters  tho  bone.    The  texture  of  the  bone  is  dense  pos- 
teriorly towards  the  articular  surface,  and  the  cells  are  arranged 
longitudinally ;  but  in  the  anterior  part  of  the  bone  the  cells  become 
relatively  very  large.   The  length  of  the  bone  cannot  be  certainly 
stated,  but  appears  to  be  about  5|  centimetres ;  its  anterior  border 
is  oonvex  from  above  downward.  The  bssisphenold  (A)  is  densest 
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in  its  middle  part.  The  anterior  median  process  has  lai^c  longi- 
tudinal cells ;  the  posterior  part  has  the  oell-matter  arranged  Tor- 
tioaUy.  The  distanoe  from  tiie  banoodpital  maigiii  to  the  median 
anterior  process  of  the  basisphenoid,  where  the  excaTataon  ocean 
which  descends  into  the  bone,  ia  less  than  5  centimetres ;  and  the 
depth  of  this  process,  which  is  rounded  in  front,  is  17  millimctrea. 
The  roof-bones  of  the  skull  arc  marked  by  the  large  longitudinal 
cells,  except  where  the  dense  substance  of  the  otic  bones  extends 
inward,  and  where  the  cells  are  directed  obliquely  downward  and 
forward  at  the  junction  of  the  anpraooeipital  booe  with  the  parietaL 

The  occipital  aspect  of  the  skull  appears  to  have  oonfoormed  to 
the  usual  Teleoeaurian  pattern,  but  is  too  imperfectly  preserved  for 
description.  The  exoccipital  bones  (E<>)  entered  into  the  upper  and 
outer  parts  of  the  occipital  condyle,  and  are  divided  from  tho  basi- 
occipital,  on  the  articular  surface,  by  a  deep  suture,  which,  after 
leaving  that  snrfoee,  becomes  prolonged  downward  and  ontward  after 
the  manner  of  existing  CrooodileB.  The  occipital  region  appears  to 
hsye  been  nearly  vertical.  The  exoccipital  bones  were  laterally  ex- 
X>anded,  much  as  in  living  Crocodiles,  but  more  prolonged  outward, 
below  the  foramen  magnum,  descending  to  a  level  with  the  base  of  the 
occipital  condyle.  About  1|  eentinietro  from  the  foramen  magnum 
laterally  is  a  round  perforation  for  the  vagus  nerve  (  Fa) ;  and  below 
this,  and  farther  ontward,  3|  centimetres  from  the  foramen  magnnm, 
is  a  larger  perforation  like  ttiat  in  the  Crocodile.  The  exoccipital  is 
fractured  vertically  at  about  6J  centimetres  from  the  middle  line 
of  tile  skull.  I  cannot  say  whether  the  opisthotic  or  paroccipital 
is  distinct ;  if  so,  it  is  very  large  and  makes  the  hinder  wall  of 
the  groat  air-cell.  The  arrangement  of  the  roof-bones  of  the  skull 
conforms  entirely  to  the  usual  Teleosaurian  pattern. 

The  skull  beo(»nes  greatly  expanM  tcansTeraely  at  its  hinder  part 
(fig.  4),  ohiefiy  owing  to  ike  excaTstion  of  the  large  tympanic  air- 
chamber  which  ])cnetrates  the  bones;  and  anteriorly  the  akuU  is 
constricted,  so  that  its  least  measurement  from  side  to  side  is  about 
6|  centimetres  at  this  distance  from  the  anterior  fracture.  The 
skull  then  widens  out  again,  so  that  at  the  anterior  iracture  its 
width  must  have  been  about  10  centimetres  (fig.  4).  Seen  from  the 
side,  a  rounded  median  ridge  (fig.  3),  which  becomes  sharpened  in 
front  and  which  is  necessarily  concave  from  front  to  htuok,  divides 
the  lateral  region  of  the  brain-caso  into  superior  and  infer!  >r  as|)ects. 
The  superior  aspect  slope!^  obliquely  downward  from  tlie  median  longi- 
tudinal crest.  Its  upper  \y,ivl  throughout  the  length  of  the  specimen 
is  occupied  by  the  parietal  bono  (lig.  4,  F),  This  is  fully  4  centimetres 
deep  in  front,  becomes  reduced  to  less  than  half  that  depth  in  the 
middle  (fig.  8,  P),  where  the  skull  is  most  constrioted  finom  mde  to 
aidOy  and  again  widens  somewhat  as  it  runs  backward,  and  curves 
outward  in  a  T-shape  in  the  transverse  line  of  the  occipital  crest. 
Its  outward  extension  is  a  thin  plat«,  resting  upon  a  large  expanded 
bone  which  forms  the  ])Osterior  half  of  the  wall  of  the  brain-ease 
below  the  parietal.    This  bone  forms  the  upper  part  of  the  wall 
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of  the  tympanic  cavity,  but  no  satisfactory  suture  can  he  distin- 
guished bi'tween  it  and  the  oxoccipital  bone.  It  is  in  the  ])08ition  of 
the  prootic  bono  of  the  Crocodile,  but  is  enormously  developed  so  as 
to  present  the  most  dietliietiye  jfoatnre  of  the  oranial  r^on  of  a  Telee- 
sanr.  This  bone,  whieh  is  imperfectly  preserved  at  its  onter  and 
posterior  border,  has  a  nearly  vertical  anterior  satare  less  than  4 
centimetres  long,  like  that  in  living  Crocodiles,  a  straight  ipferior 
suture,  and  a  curved  superior  outline,  determined  by  the  overlap  of 
the  parietal  bone.  Tlie  bone  is  wider  in  front  than  behind  :  its 
greatcut  depth  is  4^  centimetres ;  its  greatest  length,  as  preserved, 
7|  centimetres ;  its  sorfaoe  is  smooth  and  oonoam  Ahnoet  im- 
mcdiatdy  below  the  anterior  suture  of  this  bone^  at  a  distance  of 
about  a  ceatinstn^  and  looking  on  to  the  under  part  of  the  skull,  is 
a  large  transversely  ovate  perforation  with  rounded  borders,  2  centi- 
metres in  length,  into  which  it  does  not  enter.  This  is,  T  presume, 
the  outlet  for  the  fifth  nerve  (tig.  3,  V).  It  is  phicod  just  behind  the 
pituitary  body.  If  this  perforation  is  rightly  determined,  "and  tiM 
nomeneUture  adopted  by  Professor  Huxley  is  followed,  the  bone 
which  lies  in  front  of  this  perforation  is  the  alisphenoid ;  and  if  the 
orbito-sphenoid  has  any  separate  existence,  the  condition  of  the  spe- 
cimen is  such  that  it  cannot  be  reeognized.  But  if  we  were  rather 
to  name  the  bone  alisphenoid  which  unites  with  the  basisphenoid, 
following  the  nomenclature  of  Prof.  Owen,  then  the  orbito-sphenoid 
would  form  the  anterior  wall  of  the  brain-casa.  Hie  bone  posterior 
to  the  nenre-ontlets  is  certainly  the  qnadrate,  as  in  living  Crocodiles. 
In  perfect  Teleosaur  skulls  it  meets  the  squamosal  above  and  the  ex- 
oocipital  behind  ;  and  it  forms  the  anterior  and  inferior  wall  of  the 
tympanic  cavity.  The  anterior  wall  of  the  brain-ca.se  or  alisphenoid 
(fl/.s)  is  imperfectly  preserved  anteriorly.  It  is  a  large  oblong  bone, 
concave  and  irregular  on  the  underside,  w  here  the  pterygoid  lapped 
along  its  length,  slightly  concave  in  length  sbore,  and  slightly  con- 
vex from  above  downward.  It  appears  to  be  idlKmt  6  esntimetres 
deep,  and  the  greater  part  of  it  lies  above  the  longitudinal  angular 
ridge  running  along  it  already  alluded  to.  Owing  to  the  form  of 
the  parietal  it  is  much  deeper  behind  than  in  front.  The  base  of 
the  skull  is  too  much  worn  for  iiseful  description. 

So  far  as  I  can  judge  by  comparison  with  the  type  spedimens  in 
tiie  British  Museum,  this  species  differs  materially  in  tlie  outer  shape 
of  the  brain-case  from  the  Tekotaurux  Ghapmam.  The  TeUotaurM 
hrevhr  is  too  imperfectly  preserved  in  this  region  for  satisfactory 
comparison.  I  am  not  acquainted  with  any  species  from  the 
Secondary  rocks  which  closely  resembles  this  species  in  the  form  of 
the  prootie  bone,  or  of  the  tympanic  region,  or  the  general  shape  of 
the  brain-case.  As  its  characters  are  likely  to  be  of  some  interest, 
it  may  be  useful  to  name  the  species  for  the  present  T4eo9awntt 
mteephttliu. 
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EXPLAIN ATION  OF  PLATE  XXIV. 

TelroMurn-s  ntrrphalus. 

Fig.  1.  T^eft  side  of  skull*  nearlj  in  median  line. 

2.  Bight  aide  of  dcuU,  thowi^g  a  ioetioii  pvallel  to  Hg,  1. 

Hmw  flginw  an  of  the  natonJ  AM. 

3.  Lsiteral  Tiew  of  left  side  of  same  skuli,  greatly  reduced. 

4.  Supwior  view,  reduced. 

6.  Dii^ram  of  anterior  end  of  fig.  1  (rereraed). 

In  nil  tlip  (Isrurps  the  lettering  is  the  same: — So.  Bupraoccipital ;  Bn.  hisi- 
oocipital ;  Bs,  ba-sisplu'iioid  i  Pi,  prespbenoid;  i'a,  \i\^us  nerve  ;  FM,  foramen 
m^um  ;  th,  exoccipital ;  parietal;  En,  Bustachian  tube ;  TA,  tympanie 
air-ot^ll ;  /',  outU-f  for  fifth  nerre  ;  cc,  carotid  canal;  ah,  alisphonoid;  jw,  pro- 
otic  bone;  ^,  quadrate  bone;  C*",  cerebellum ;  o,  optic  lobes;  (7,  cerebrum; 
o(f,  o]&eto>7  nerre ;  op,  optio  nerre ;  pf,  mtuitarj  foeM ;  f,  poeterior  Mmkir- 
eolar  oaaal ;  ?*,  anterior  leniiGivoaUur  ouuu. 

e 

Dnomniov. 

Mr.  Cn\RLESwoRTH  mentionod  that  the  Earl  of  Zotlnud  had 
preseutcd  another  interesting  specimen  of  a  Saurian  to  the  York 
HuseanL,  whioh  -was  described  by  Prof.  Phillips  under  the  name  of 
Plesioaatirus  XetlandicuB ;  bat  M.  DeslongchampB  regards  it  as  so 
pecoliar  in  its  oharaoters  as  to  entitle  it  to  form  the  type  of  a  new 
gen  118. 

The  Tresidint  tliought,  witli  Mr.  Charles  worth,  that  the  tipecimen 
in  the  York  Museum  does  not  belong  to  the  genus  Flesiosaunut, 
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On  (he  Skvll  0/  an  loHiHTOflAirBTTs  from  th4  Lias  0/  Whust, 
apparently  indieating  a  new  SpeeUa  (I.  ZmAiriHcous,  SteUy), 
ftreurved  m  the  Wooiiwaboiaii  Hmux  0/  tiba  UnyEBsiTT  of 
CiMBBiDeB.  By  Professor  H.  G.  8kblbt,  F  JLS.,  F.G.S^  Ac 
(BMd  Jiufi  28, 1880.) 

[Platb  XXV.] 

Eabl  Zetland  many  years  ago  presented  to  the  Woodwardian 
Mnaenin  a  snperb  tknll  of  lehikyotauras,  which  pertains  to  a  new 
speoies,  and  from  its  yalne  in  oxemplifying  the  osteology  of  tlie 
skull  is  in  many  respects  the  finest  specimen  known. 

The  anterior  part  of  the  snout  is  lost,  but  what  rpmains  of  the 
head  is  i?8  inches  long.  The  snout  lias  the  aspect  of  havinp;  been  at 
least  6  inches  longer.  Where  fractured  in  front  the  paw  is  3  inchra 
wide  and  2^  inches  deep.  Its  greatest  transverse  width  behind  the 
eyes  and  in  front  of  the  quadrate  bones  is  16}  inebes,.so  that  it 
would  appear  to  have  beoi  somewhat  more  than  twice  as  long  as 
wide.  The  occi])ital  r^on  unfortunatf^ly  is  badly  preserved,  and 
the  basioccipital  bone  is  n  little  di<])laced  downward  and  forward. 
There  is  also  some  imperfection  of  the  bones  of  the  ric^ht  orbit  ;  but 
otherwise  the  skull  is  in  excellent  preservation.  Being  in  a  hard 
limestone  it  has  escaped  oompression  and  distortion,  and  liie  lime- 
stone hanng  been  deaied  with  a  ehisel,  the  bones  of  the  palate 
as  well  as  those  of  tiie  upper  snifbioe  of  the  skoU  are  beantifuUy 
displayed. 

In  transverse  section  behind,  the  outline  is  a  trapezoid ;  the 
upper  outline  of  the  skull,  being  flat  and  horizontal,  is  10  inches 
wide  and  parallel  to  the  lower  outline.  The  base,  as  already 
mentioned,  is  16|  inohee  wide.  The  oblique  sides  formed  by  the 
bones  behind  the  orbits  are  7i  inches  from  the  base  of  the  qnad- 
rato-jugal  to  the  junction  of  the  squamosal  witli  the  postfri>ntal. 
From  tlie  middle  of  the  orbit  backward  the  lateral  outline  is  convex,  • 
and  thouf^h  the  marj^in  of  the  orbit  is  nearly  strnij^lit  the  lateral 
outline  anterior  to  it  is  gently  concave.  The  tlattening  of  the  skull 
on  its  upper  part  covers  a  triangular  space  defined  by  rounded 
angular  ridges  orossing  the  nasal  bones,  and  converging  forward  to 
dimppear  in  their  anterior  third.  These  ridges,  prolonged  backward, 
cross  the  postfrontal  and  become  prolonged  ronnd  tiie  oater  »nd 
upper  border  of  the  tcmpoml  fossfp.  External  to  this  space,  which  is 
depressed  .and  concave  in  the  region  of  the  nasal  and  frontal  bones, 
are  the  sloping  sides  of  the  skull,  which  converge  upward,  and  in  the 
anterior  purt  of  the  Bnout,formed  by  the  premaxillary  and  nasal  bones, 
ronnd  togetiier  into  a  somewhat  semioylindrical  fbrm.  Posterior 
to  the  orbit  there  is  a  convei^nce  of  the  lateral  areas  towards  the 
occipital  region.  This  broad  tlattenod  form  of  a  skoU  with  obUqne 
orbits  looking  upward  and  outward  is  so  different  from  all  European 
spedes  hitherto  figured  that  I  venture  to  desoribe  it,  although  there 
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may  be  some  difficulty  hereafter  in  detenniniiig  the  vertebral  oolanm 
with  which  it  was  originally  associated. 

First  it  may  be  convenient  to  consider  the  upper  surface  of  the 
skull  (PI.  XXV.  fig.  1).  The  temjioml  fossce  (  TF)  are  large,  ovate,  and 
nanower  behind  than  in  front,  and  have  their  posterior  ends  directed 
ft  little  ootWBid  and  baokward.  Ibeir  length  is  about  6§  inohea,  and 
width  abont  3|  inches.  Their  inner  border  is  formed  by  the  parietal 
bonee,  the  posterior  border  and  posterior  half  of  the  lateral  border  by 
the  squamosal  bone,  and  anterior  border  and  anterior  half  of  the 
lateral  border  by  the  postfrontal  bones.  But  on  the  inner  side  of 
the  outer  bur  above  the  eye  is  a  plate  of  bone  lapping  along  the  inner 
sides  of  the  sqoamosal  and  postfrontid.  The  state  of  tlM  spedmen 
does  not  demonstrate  oondasively  whether  it  is  to  be  referred  to 
the  squamosal  or  other  postorbital  element  or  to  a  separate  bone  not 
hitherto  recorded  in  the  lehthyosaurian  skull.  This  outer  margin 
of  the  temporal  fossa  is  comparatively  straij^ht ;  the  inner  border  is 
much  more  curved.  The  outer  bar,  formed  l)y  the  squamosal  and 
postfrontal  bones,  is  thin,  and  on  the  whole  sugge^its  the  same  region 
in  the  sknll  of  HaUma^  tbong^  the  squamosal  bone  extends  fiirtiier 
forward  on  the  oator  side  tluuti  in  that  living  type.  The  extreme 
width  of  the  temporal  fosssD  from  one  temporal  bar  to  the  other  is 
10  inches  measured  from  the  inner  side,  and  about  11  inches 
measured  from  tlie  outor  side. 

The  8uj)raoccii)ital  bono  is  absent  from  the  skull ;  but  since  the 
parietal  terminates  posteriorly  in  a  suture  in  the  shape  of  a  broad 
W  witii  the  median  process  less  developed  than  the  lateral  wings, 
which  are  prolonged  outward  and  backward  to  meet  the  squamosal 
bone,  it  is  probable  that  it  was  fairly  well  developed,  and  gave  to 
the  back  of  the  skull  a  transversely  concave,  but  more  than  usually 
straight  transverse  outline.  Tlie  parietal  bonis  ( p)  are  divided  in  the 
middle  line  by  a  suture  and  are  deeply  grooved  in  the  anterior  part  by 
the  fissure  which  terminates  anteriorly  in  the  parietal  foramen  {FP\ 
though  this  foramen  is  not  more  than  1|  inch  wide,  and  the  groove 
is  not  more  than  2|  inches  long,  so  that  it  is  relativdy  much  less 
developed  than  in  the  Ichthyosaurs  from  the  Lower  Oolites.  The 
extreme  length  of  the  parietals  is  about  fij  inch(«  ;  but  in  front 
of  the  foramen  the  bones  divide,  and  receive  the  narrow  frontal 
bones  (/)  beLween  them  for  a  length  of  aliout  2^  inches.  The  an- 
terior divergences  terminate  in  sharp-pointed  processes  which  are 
abont  ULch  apart  The  parietal  has  its  lateral  surfaces,  which 
form  the  outer  wall  of  the  briin-case,  smooth,  concave  in  length,  and 
gently  convex  from  above  downward,  SO  that  the  convex  stirfaccs 
form  a  sli<;ht  median  ridi^e  above,  except  that  the  bone  ])eoonies  a 
little  flattened  laterally  in  front  on  each  side  of  the  parietal  groove. 
The  least  width  of  the  bones  in  the  middle  of  the  brain-case  is  2^ 
inches.  They  widen  posteriorly  in  a  curve  to  4|  inches.  They  also 
widen  anteriorly  and  send  similar  anterior  processes  along  the.  an- 
terior border  of  the  postfrontal,  and  there  the  transverse  e^qpansion 
is  somewhat  greater.  These  anterior  lateral  outlines  of  the  parietal 
bones  are  separated  from  the  anterior  forked  tonniuations  by  the 
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intervening  inner  part  of  the  postfroutal  bone  {pt),  which  juts  in 
almost  at  a  right  angle.  The  uiiterior  terminal  processes  referred 
to  divide  the  postfrontal  bones  euUrely)  or  almost  entirely,  from  the 
ftontik,  and  themselTeB  unite  mth  the  nasal  bone  (n).  The  tem- 
poral foam  (TF)  have  not  been  snffldently  ezeavsied  to  ahow  the 
depth  of  the  parictals  or  their  relations  to  the  lower  bones  of  the 
brain-caso.  In  frout  of  the  parietal  are  the  frontal  horus  ( / ), 
rather  narrower  than  usual,  and  having  a  length  of  4^-  inches. 
They  are  less  than  j\  of  an  inch  wide  posteriorly,  where  tluy 
are  truncated  by  the  parietal  foramen.  They  are  widest  at  the  uu- 
terior  iennination  of  the  parietal  bones  {p) ;  and  poeterior  to  this 
their  converging  lateral  outlineSf  though  somewhat  inragolar,  are 
gently  conoare.  The  anterior  lateral  outlines  are  less  than  twioe  as 
long  as  the  posterior  part,  are  straight,  and  converge  to  a  point,  so  as 
to  give  the  bones  somewhat  the  outline  of  a  spear-head.  They  are 
each  a  little  convex  from  side  to  side,  and  are  divided  by  a  median 
suture,  which  is  most  impressed  in  front.  The  posterior  parts  of  the 
bones  artienlate  exduaively  with  the  parietalB,  the  anterior  part 
ezclosiveLy  with  the  nasal  bones,  whidi  they  gently  aepaxate  pos- 
teriorly. 

The  nasal  hones  {n)  are,  as  usual,  the  groat  roof-bones  of  the  fore 
part  of  the  head.   Their  anterior  termination  is  not  distinctly  seen ; 
for  the  upper  surface  has  suffered  an  injury  by  which  their  extre- 
mities have  been  removed.   Heasnring  from  the  angle  between  the 
parietal  and  postfrontal  bones  to  the  apparent  ant^or  extremi^, 
beyond  the  visible  termination  of  the  nasals,  tiie  distance  is  about 
17  inches.    As  alrcarly  remarked,  the  nasals  are  angularly  bent,  so 
that  the  upper  poiiions  form  the  roof  of  the  skull,  and  outer  oblique 
parta  form  the  u[)per  border  of  the  side  of  the  skull  in  front  of  the 
eye  and  above  the  uarcs.    The  posterior  half  of  the  upper  surface 
is  concave  from  side  to  ride,  having  a  width  in  the  lunder  x^on 
of  abont  4  inches.   The  outline  of  the  nasal  bones  Is  necessarily  a 
long  spear-shaped  triangle,  tapering  in  firont  and  wide  behind. 
They  form  in  the  middle  of  their  own  external  borders  part  of  the 
upper  wall  of  the  anterior  nares,  hat  are  not  indented  by  them; 
they  expand  a  little  by  descending  on  the  lachrj'mal  bones  (Z)  to 
form  the  upper  margin  of  the  posterior  border  of  the  uarial  cavities. 
They  tken  have  a  sinnous  union,  at  first  concave  and  then  convex, 
with  Ihe  superior  bocdais  of  the  large  lachrymal  bones,  and  behind 
these  pass  interior  to  the  small  prefronttid  bones  on  to  the  post- 
frontal.    Each  bone  divides  posteriorly  into  two  forks :  the  inner 
wedi;e-shaped  pair  have  their  sides  converging  to  blunt  points  sepa- 
rated by  an  interspace  of  4^'^  inches;  they  join  the  frontal,  parietal, 
and  postfrontal  bones.    These  inner  processes  are  divided  from  the 
outer  pair,  which  are  directed  outwiod  and  backward,  though  not 
quite  so  far  as  the  others,  by  a  triangular  forward  wedge  of  the 
postfrontal  bone  extending  between  them ;  and  this  outer  pfEOOSM  of 
the  nasal,  which  is  only  preserved  on  the  left  side,  has  its  margins 
nearly  parallel,  and  teruii nates  in  three  claw-like  digitations.  It 
prolongs  backward  the  line  of  the  rounded  angular  ridge  ninnxng 
along  the  nasal  bone.   These  ridges  are  marked  with  a  few  lougitu^ 
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diual  parallel  grooYes,  which,  however,  crosfl  them  at  a  slight  angle, 
l>eing  prolonged  a  little  further  forwBid,  and  down  into  the  brafc- 
ahaped  depression  in  the  head  fbnned  poeteriorly  by  tiie  nasal,  frental, 

and  poBt£rontal  bones.  Anterior  to  thcso  rounded  rirlgcs  the  bonea 
arc  somewhat  Hatt<jued  above,  but  rounded  from  side  to  side.  The 
median  suture  dividincr  them  is  about  13  inches  long.  Tlie  width 
of  the  nasal  bones  measured  transversely  between  the  nares  is  3^ 
inches;  the  transverse  width  of  the  ^oll  in  the  line  of  their 
posterior  borders  is  about  8|  inches,  while  ifae  transrerse  width  of 
the  skull  at  tiieir  anterior  termination  is  about  4|  inches. 

The  j)rcw axillary  bones  (pro),  as  already  remarked,  are  imperft  ct 
anteriorly;  they  are  preserved  for  a  length  of  over  11  inclies,  but 
the  part  where  they  me»'t  superiorly  in  the  middle  lino,  undivided 
by  the  nasal  bones,  is  only  about  '3  inches  long.  The  sides  are  a 
Httle  flattened,  bnt  they  round  etmTexly  above,  and  the  median 
sntore  is  a  little  impressed,  so  that  the  limits  of  the  bones  are 
distinetly  marked  by  a  groove,  unlike  the  anterior  portion  of  the 
nasal  bones.  As  the  premaxillary  bones  extend  backward  they 
narrow  a  little  from  l^eing  overlapjjed  on  the  alveolar  border  by 
the  maxillary  bones  (m);  their  up])or  and  under  sutures  are  com- 
paratively straight  and  subparallel.  Each  bone  is  forked  at  its 
posterior  termination  by  reoaTing  in  a  notch  the  anterior  part  of  the 
long  ovate  anterior  nasal  aperture.  It  forms  more  than  a  third  of 
the  ^^  all  of  this  cavity  on  the  right  side,  and  on  the  left  side  is  pro- 
lonp:ed  idong  nearly  the  whole  upper  mai^in,  so  as  almost  to  exclude 
the  nasal  bone  from  the  anterior  nares.  The  lateral  surface  of  the  ]»re- 
maxillary  is  somewhat  roughened  with  vascular  perforati<ms  iu  its 
hinder  part.  ITie  only  other  bones  which  enter  into  the  upper 
surface  of  the  skull  are  the  post&ontal  and  squamosal,  which  may 
be  more  eonveniently  described  in  noticing  its  lateral  eharacten 
(fig.  2). 

The  anterior  nares  (N)  vary  a  little  in  their  distances  from  the 
back  of  the  heiid  ;  measuring  from  the  hinder  border  of  the  squa- 
mosal bone  to  the  posterior  border  of  the  nasal  aperture,  the  distance 
is  about  14  J  inches.  The  length  of  the  nostril  is  4^  inches,  and  its 
depth  in  the  posterior  third  1  j  inch.  Its  distance  from  the  end 
of  the  snout,  as  preserved,  is  rather  less  than  9  inches.  The  postericMf 
border  of  the  cavity  is  rounded  and  formed  by  the  nasal  bone  above 
and  the  lachrymal  bone  behind  and  below.  The  middle  of  the  base, 
which  is  straighter  than  the  upper  honler,  is  formed  l)y  the  max- 
illary bone;  and  anteriorly  the  nostril  terminates,  as  already  indi- 
cated, in  the  premaxillary  in  a  sharp  angular  notch. 

The  maxiUary  hone  (m)  is  much  longer  on  the  left  side  of  the  head 
than  on  the  right  side,  though  the  alveolar  })order  is  better  preserved 
on  the  riglit  side.  Its  length  on  the  left  side  is  about  twelve 
inches  ;  on  the  other  side  it  is  much  less.  I  am  not  sure  from 
the  ccmdition  of  the  palate  how  many  teeth  it  contains  :  but  a*?  it  ex- 
tends forward  almost  to  within  5  inches  of  tho  truncated  end  of  the 
snout,  I  have  no  doubt  that  it  contained  several,  since  the  alveoli 
extend  along  ftiUy  8^  inchea  of  the  palatal  boKder  aa  praaerrod. 
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The  bone,  as  UBnal,  is  slender  on  the  lateral  alveolar  border  in  front 
and  slender  behind.   It  extends  below  the  ladnymal  bone,  and 

joins  the  malar  at  about  the  anterior  border  of  the  orbit;  and  thus 
excludes  the  lachrymal  bone  from  the  base  of  the  skull.  The 
lachrymal  honca  (I)  extx^nd  between  the  orbits  and  nares  ;  they  are 
broad  hatehet-shnped  bones.  The  inferior  border  is  convex,  and 
the  superior  border  sinuous.  The  jwsterior  border  is  concave,  and 
the  bone  has  a  spine-like  prolongation  extending  along  the  anterior 
part  of  the  base  of  the  orbit.  Its  least  antero-posterior  length 
between  the  two  lateral  cavities  into  which  it  enters  is  2|  indhes, 
while  its  depth  is  4,|  inches.  It  unites  above  with  the  nasal  bono  (n) 
in  front  and  the  prefrontal  bone  (p/),  and  below  with  the  malar  bone 
(ma)  behind  and  the  maxillary  [in)  in  front.  The  surface  of  the 
lachrymal  bone  below  the  nasal  is  somewhat  impressed,  as  though 
its  snrffMse  might  have  lodged  a  gland ;  and  its  margin,  which  enters 
into  the  orbit,  is  nranded,  thicifciBned,  elevated,  and  oontinnoas  with 
that  of  ihe  prefrontal  bone  abore  and  the  malar  bone  behind.  The 
large  size  of  the  lachrymal  bone  and  itvs  great  antero-posterior  ex- 
tent between  the  orbit  and  narino  make  one  of  the  most  distinctiYe 
characters  of  the  species. 

The  urbit  (0)  is  large  and  oval,  much  less  vertical  than  usual,  since 
the  transrerse  measurement  between  the  base  of  the  orbits  behuid 
is  somewhat  less  than  14  inches,  while  the  measurement  between 
the  superior  borders  in  front  is  about  7|  inches.  Unes  drawn 
through  the  middle  of  the  orbits  horizontally  would  converge  some 
disUmce  behind  the  anterior  termination,  of  the  nasal  bones.  ITie 
length  of  the  orbit  ia  8  inches,  its  depth  (i|  inches.  Tt  forms 
almost  the  entire  height  of  the  skull,  which  in  this  position,  meiibured 
TertioaUy,  is  Isss  than  7  inches.  Its  border  is  ronnded  from  within 
outward,  and  the  outline  of  the  cavity  is  regular.  It  is  margined 
superiorly  by  the  prefrontal  and  postfrontal  bones;  the  mid(Ue  of 
the  base  is  formed  of  the  malar  bone,  which  is  encroache<l  upon 
anteriorly  by  the  lachr^'mal  bone,  wliich  forms  its  anterior  end,  and 
posteriorly  the  ix)8torbital  bone  forms  its  posterior  end. 

The  malar  bone  (ma)  is  a  slender  bar,  rounded  above,  and  some- 
what flattened  on  the  underside  in  front,  bnt  more  compressed  and 
rounded  behind .  Its  length  is  about  8^  inches.  It  is  OQmpazatmly 
straijjht,  though  slightly  curved  in  length  and  convex  on  the  outer 
side.  Its  anterior  end  ta]>ers,  and  underlaps  the  lachrymal  bone. 
Its  posterior  third  receives  tlie  post^)rbital  bono  above  (^jo),  and  its 
posterior  extremity  is  more  compressed  from  below  upward  for 
a  length  of  an  in<di  and  a  quarter,  and  is  reesived  between  the  post- 
orbitd  and  quadrato-jugal  bones  (grj). 

Thid  pogtorhUal  hone  ( po)  is  somewhat  broader  than  usual,  and  hence 
has  not  quite  so  much  of  a  crescent  shape,  its  outline  being  more 
that  of  a  boot,  the  anterior  conc'ivity  torming  tho  orbital  border. 
The  length  of  the  base  which  reats  on  the  malar  is  about  3|  inches, 
wlule  the  width  of  the  bone  in  its  upper  part  is  less  than  half  as 
much.  The  beae  is  oompanlMy  straight,  as  is  the  poitailor 
boTder,  which  joins  the  qnadrato-jugal  bone  (qj)^  and  in  its  upper 
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part  motik  the  snpraquadnto  (tq).  The  upper  herder  of  the  pert- 
orbital  unites  by  tianaverse  alightly  inegalar  antore  with  the  poet- 

frontal  bone. 

The  prefrontal  bone  (pf)  is  relatively  small  as  compared  with  that 
of  some  other  species.  It  is  an  irregularly  oblong  bone,  somewhat 
compressed  behind,  with  its  orbital  border  necessarily  concave,  joining 
the  mehrymal  in  tnmt  hj  a  nearly Tertioal,  but  dighUy  oblique  suture. 
It  joins  fhe  nasal  by  a  straight  suture  above  in  its  front  part,  and 
the  post  frontal  behind  and  above  by  an  oblique  irregular  suture. 
Its  length  is  about  3  inchee,  and  ite  depth  in  front,  where  greatest, 
is  about  2i  inches. 

Tile  post  frontal  hone  (pt)  is  hro.ul  transversely  on  the  roof  of  the 
skull,  and  becomes  compressed  from  side  to  side  in  its  posterior 
part,  which  is  bent  baekwaid  at  e  considerable  angle  to  form  the 
upper  border  of  the  orbit  (fig.  1).  The  outline  of  this  bone  is  concaTe 
posteriorly  where  it  enters  into  the  temporal  foes,  as  well  as  in- 
feriorly  where  it  enters  into  the  orbit  (fig.  2).  Its  snprrior  surface  is 
flattened  and  elevated  in  front  of  the  temporal  foss  ;  l)ut  ant<?rior  to 
this  elevated  transverse  ridge,  which  becomes  narrower  as  it  extends 
outward  from  the  parietal  bone,  the  bone  is  depressed  anteriorly 
towards  its  union  with  the  inner  part  of  tiie  nasaL  Its  inner  trun- 
cated end  is  received  between  divergent  processes  of  the  parietal 
bone :  and  owing  to  the  middle  of  its  anterior  part  being  ovcrlaj)ped. 
as  already  remarked,  by  a  claw-like  ])osterior  process  from  the  nasal 
bone,  it  is  divided  into  two  angular  portions.  The  inner  of  these  ex- 
tends forward  in  a  V  shape  into  a  corresjKjndiug  notch  in  the  nasal 
bone ;  and  the  outer  extends  rather  further  forward  in  a  more  irre- 
gular way  between  this  daw-like  process  of  the  nasal  and  the  com- 
pressed posterior  part  of  the  prefrontal  bone.  The  extreme  length 
of  the  bone  appears  to  be  about  8  inches ;  its  extreme  transverse 
width  is  under  5  inches ;  but  the  outer  part  of  the  bone  being  bent 
so  as  to  descend  at  the  back  of  the  orbit,  the  measurement  taken 
in  the  two  planes  is  greater.  The  extreme  ext4.'usion  forward  of 
the  bone  fnm  the  interior  margin  of  the  temporal  foes  is  less  than 
3|  inches,  and  its  anterior  width  is  somewhat  greater.  Its  posterior 
end  joins  the  squamosal  bone  at  about  the  hinder  third  of  the  outer 
margin  of  the  temporal  fos«i,  while  its  inferior  border  rests  upon 
the  j>o8torbital  bone  in  front  and  the  supraquadrato  bone  behind. 

The  region  of  the  skull  which  is  po.^terior  to  the  orbit  and 
below  the  temporal  foss  is  flattened,  comparatively  smooth,  and 
obliquely  IneHned,  so  that  it  looks  outwax^  and  upward.  It  is 
convex  in  length,  rounding  towards  the  posterior  end  of  the  slnill, 
and  is  slightly  concave  from  above  downward.  It  is  formed  by  the 
8(|namosal  and  j)osi frontal  bones  above.  ])clnw  which  are  the  post- 
oiliital  and  t>upraijuadKite  bones,  with  the  triangular  mass  of  the 
quadiaio-jugal  forming  the  ba^e  and  postcriur  jtiolongation  of  the 
alveolar  border,  and  dividing  the  lower  parts  of  these  bones  from 
each  other  by  extending  upward  between  them. 

The  s^itamoio?  hone  {sqm)  is  a  curved  sickle-shaped  element,  which 
joins  th  e  outer  poeterior  angle  of  the  parietal  bone  semewhat  lowdown 
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I17  a  Bteong  fhiflkoned  mam,  whioh  u  pfolonged  ootwaid and  alittle 
iMokward.  It  (mireB  and  becomes  bent  round  in  front  and  iadireoM 
Ibrwaid  and  greatly  compressed  from  aide  to  side,  so  as  to  form  tha 
outer  posterior  border  of  the  tein]K)ral  foss,  where  it  is  2  inches  deep. 
It  is  apparently  prolonged  forward  under  the  postfrontal  bono  along 
the  length  of  the  temporal  fosa,  though,  au  already  remarked,  some 
doubt  may  attach  to  the  identification  of  the  bony  element  which 
extends  bebind  and  below  the  poeterior  brandi  of  tbe  post- 
frontal  bone.  If  it  should  not  be  formed  by  the  squamosal  it  is 
probably  formed  by  the  postorbitid,  extending  upward  and  expand- 
ing so  as  to  bind  together  the  other  bones  p(»terior  to  the  orbit. 

The  sn i,r(iqu(t<lriite  f><,ne  (sq)  has  also  been  called  by  Prof.  Owen  the 
Buprstemporal  and  suprasquamosal.  It,  like  the  postorbital,  is 
nnossifled  in  the  Crocodile,  in  whidK  type  the  skin  extends  over  the 
same  areas  as  are  here  corered  by  these  bones.  This  snpraqnadrats 
I  BO  name  because,  extending  between  the  squamosal  bone  above 
and  the  quadrato-jugal  bone  below,  it  rests  upon  and  hides  the 
quadrate  bone  in  the  lateral  aspect  of  the  skull.  It  is  subtri- 
angular  in  shape,  having  a  vertical  measurement  of  3|  inches,  and 
an  antero-posterior  measurement  of  about  4^  inches.  Its  posterior 
border  is  obsoored  by  matrix ;  its  superior  border  is  comparatiTely 
straight,  while  tbe  oblique  inferior  border  which  abuts  against  Uie 
quadrato-jugal  is  sinuons,  the  basal  angle  being  broad.  Finally, 
there  remains  the  f/uaffrato-Jiu/rd  Ixme  (qj),  which  has  the  oblique 
position  of  the  other  bones  described  and  a  somewhat  triangular 
outline.  Laterally  its  base  is  convex  from  front  to  back  and  com- 
paratively straight  in  length.  It  is,  as  indicated,  wedged  between 
the  supraqnadrate  and  the  postorbital  bones,  whioh  indent  its  borders 
somewhat  ooncavely  but  irregolarly.  Its  height  is  5^  inches  and  the 
length  of  its  base  is  over  4  inches.  Behind  and  below  the  quadrato- 
jugal.  but  entirely  anterior  in  position  to  it,  the  articular  end  of  the 
massive  quadrate  bone  (7  )  descends  and  leoeives  a  process  from  the 
pterygoid  bone  on  its  inner  side. 

Jhdaidl  atftct  of  <As  iSlihtR^Tha  hard  limestone  forming  the 
matrix  of  this  specimen  has  bean  oareAiUy  ohimlled  away  so  as  to 
display  the  bones  of  the  palate  (fig.  3).  TTiese  elements  are  beauti- 
fully distinct  in  the  posterior  part  of  the  skull,  but  anteriorly  there 
has  been  some  little  ditficidty  in  making  clear  the  relations  of  the 
bones.  It  follows  from  the  description  given  that  the  preraaxillary 
bones  (^^m)  are  prolonged  outward  and  backward  by  the  slender  bar 
of  the  maxillary  (m),  which  is  continued  by  the  malar  (ma)  and 
quadrato-jugal  {qj)  t<o  the  quadrate  (9).  This  bar  becomes  somewhat 
thinner  posteriorly,  but  defines  the  lateral  outlines  of  the  back  of  the 
head  on  its  palatal  aspect.  There  are  nn  the  palate  apparently  three 
pairs  of  vacuities  : — first,  a  small  anterior  pair  (  V)  lying  below  the 
exterior  nares  and  between  the  outer  hones  of  the  palate  ;  secondly, 
a  posterior  median  pair  {SF)  divided  by  the  presphenoid  bone  and 
lying  between  tbe  pterygoids ;  and,  thirdly,  a  pair  of  irregular  lateral 
spaces  (PTV)  between  the  pterygoids  and  tiie  malar  arch,  whioh 
extend  back  to  the  quadrate  bone  and  are  prolonged  forward  for  an 
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unoertain  diililioe,  but  apparently  at  least  as  far  aa  the  region  «f  tJi* 
ezterior  nares.  In  the  median  line  of  the  baae  of  the  skull  are  seen 
the  displaced  basioccipital  {bo),  the  basisphenoid  (hs),  and  preephenoid 
(ps),  the  latter  two  being  anchyloeed  together.  The  hasioccipitoL 
has  a  somewhat  flattened  hmisphehcal  articular  surface,  rough  wiUi 
fiH^noeiitrio  markings  of  attmihmwtt,  and  defined,  aa  nanal,  Inr  a  mode- 
rstdiy  deep  vertie^  and  inlarior  groove.  It  i»  about  3  inahea  wide. 
BcAow  and  in  front  of  this  part  of  the  bone  is  a  smooth  non-articular 
surface,  which  is  concave  in  the  middle  and,  where  widest,  extend* 
the  %ndth  of  the  bone  to  nearly  4  inches.  Its  longtli  is  rather  over 
3  inches,  and,  as  is  usually  the  case  with  Liassic  ichthyosaurs,  it  has 
the  anterior  margin,  where  it  abuts  against  the  basisphenoid,  convex  . 
from  nde  to  side.  The  homi^phmmi  bmt  (h»)  is  ezpoied  but  little. 
It  appears  to  have  been  about  2|  inches  long,  with  a  strong  elevated 
ridge  in  the  middle  of  the  base,  on  each  side  of  which  the  surface  is 
concave.  This  ridge  is  i)rolonged  forward  into  the  sword-shapt^d 
prcsphenoid  bone  (^j*)  with  which  it  is  anchylosed.  On  each  side 
of  the  presphenoiji  the  anterior  uiargiii  of  the  bm>isphunoid  is  deeply 
oonoave;  tiie  Mateiior  lateral  potrtbna  of  the  baai^ 
lapped  by  wide  inward  etpaiMnona  of  tiie  pterygoid  bonea.  The 
pretphenoid  slightly  tapers  as  it  extends  forward,  is  compressed  from 
side  to  side,  preserves  its  inferior  keel,  and  is  at  last  received  between 
a  pair  of  bones  anterior  and  interior  in  position  to  the  pterj'goids. 
It  haa  a  length  anterior  to  the  basisplieuoid  of  about  8|  inches. 

External  to  these  median  bones  there  appear  to  be  four  pairs  of 
lateral  bones.  The  largest  of  these  are  tlie  pterygoid  bones  (p), 
situate  behind ;  the  bones  external  to  the  pter}  golds  are  two  pairs — 
a  slender  anterior  pair,  which  I  regard  as  the  palatines  (pn) ;  and  a 
larger  pair  external  to  the  palatines  and  extending  partly  along 
them  and  the  ptery  goids,  but  well  separated  from  the  malar,  which 
I  regard  af>  the  truiufvcrst  bones  {t);  while  interior  to  the  pterygoids 
and  the  pslatineB  and'abnttrng  againat  the  presphenoid  is  voSOug 
pair  of  slender  bones  whidh,  from  flieir  pootion,  I  rsgard  aa  the 
vamen{v). 

The  arrangement  of  the  bones  in  this  genus  is  very  different  from 
that  in  the  genus  in  the  Inferior  Oolite  of  Caen,  as  shown  by  a  skull 
in  the  British  Museum,  unless  the  bones  which  here  have  every 
appearance  of  separate  eidstence,  and  which  I  regard  as  the  vomers, 
should  be  an  aooidental  condition  marking  a  generic  diiFerenoeb 
Moreover  the  pterygoid  in  the  Caen  fossil,  on  the  left  side,  eonsiata 
of  two  separate  osseona  elements.  The  pterygoid  hones  (p)  have 
their  inner  margins  concave.  They  do  not  appear  to  have  met 
posteriorly  in  the  median  line,  though  from  the  displacement  of  the 
basioccipital  this  cannot  be  statod  with  absolute  confidence.  They 
partly  enclose  the  long  pterygoid  Taoiiities  already  alluded  to,  which 
are  divided  by  the  presphenoid.  Theae  Taenitiee  are  margined  in 
front  by  the  bones  interior  to  the  pterygoid  which  I  have  regarded 
as  Tomerine.  The  pterygoids  arc  deeply  notched  out  on  the  poe- 
tenor  aspect  by  a  concave  border,  and  in  the  external  ])0!s1erior 
half  have  a  concave  outline.    Between  these  two  concavities  is 
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a  posterior  eompreBsed  mass  from  which  a  process  extends,  at  ftnd 
oatward  and  then  backward  and  somewhat  downward,  lapping 
along  the  inner  side  of  the  quatlrate  bone.  The  external  lateral 
concavities  narrow  the  width  of  the  pterygoid  bones,  and  where 
fhey  tetmiiiAte  anteriorly  tlie  banes  widen  again,  but  begin  to  con- 
veige  forward  and  inward,  tenninating  in  sharp  points.  Tlieir 
surfaces  are  smooth,  and  sligh^  ooEvez  from  side  to  side  in 
fiDRt.  They  desceud  a  little  downward  as  they  extend  outward,  and 
are  moderately  thick  bones.  The  length  from  the  process  meeting  the 
quadrate  to  the  anterior  termination  is  about  13  inches  on  the 
right  aide,  but  apparently  rather  more  on  the  left  side.  The  lea^it 
width  f^m  side  to  side  between  the  eztemal  oonoava  lafeenl 
margina  in  the  hinder  part  of  the  bone  is  about  5|  inches.  The 
greatest  width  between  the  quadrate  bones  i.s  nearly  iOinehss.  The 
width  at  the  angle  where  the  lateral  concavity  terminates  in  front 
is,  across  the  bones  and  their  interspace,  less  than  74  inches.  The 
least  width  of  each  bone  in  its  posterior  constriction  is  rather  over 
an  inch  and  a  quarter.  Its  width  at  the  expanakm  in  front  of  the 
oonstriotion  is  over  two  inches.  The  distance  from  the  posterior 
quadrate  process  to  the  anterior  teraiinatum  of  the  lateral  oonoarity 
does  not  exceed  7|  inches. 

Lying  within  the  pterygoid  bones,  and  joining  them  by  sutures 
nearly  parallel  to  each  other,  are  two  bones  which  are  to  be  regarded  as 
vomers  (v).  They  prolong  the  tapering  outlines  oi'  the  pterygoid  bones 
inward,  forward,  and  upward  into  the  palate.  They  aie  Prided  item 
each  other  by  the  presphenoid  bone.  That  on  the  left  side  extends 
somewhat  further  back  than  the  bone  on  the  right  side.  The  least 
distance  from  the  hindcrmost  termination  of  the  bone  on  the?  left  side 
to  the  occipital  condyle  is  alxjiit  10  inches,  but  about  4|  inches  fur- 
ther forward  the  condition  of  tlu'  sj)ecimen  becomes  a  little  obscure 
owing  to  a  fracture  here:  there  appear  to  be  on  each  side  of  the  pre- 
sphenoid two  small  palatal  Taeaities,  tiist  on  the  right  side  being  the 
larger  and  a  little  over  an  inch  long.  It  is  uncertain  therefore 
whether  these  bones  terminate  at  this  point.  If  so,  they  can  only 
bo  an  anterior  dismemberment  of  the  pterygoids,  and  probably  a 
distinct  generic  character  in  this  Tchthyosanrian  type.  But  in  front  of 
these  perforations  median  palatal  bones  of  corresponding  width  are 
proloDged  forward  in  continuation  of  them^  and  without  any  appear- 
ance of  break :  and  as  I  have  found  tiie  vomerine  bones  lying  on  the 
sides  of  the  anterior  termination  of  the  presphenoid  in  some  transverse 
sections  of  small  lehthyosaurian  skulls  from  the  Lias,  I  ara  inclined 
to  believe  that  the  parts  pasterior  to  the  perlbratiuns,  as  well  as  the 
long  anterior  bar  or  bars,  are  vomers.  The  vomers  would  appear  to 
reach  forward,  in  front  of  the  small  perforations  referred  to,  to  the 
extremity  of  the  palate  as  preserred;  but  the  conditioii  of  the  palate 
does  not  demonstrate  in  iSaaa  species  whether  the  forward  and  nanrow 
prolongation  oosuBsts  of  two  distinct  bones ;  but  on  the  polished  end 
of  tlie  broken  snout  the  two  bones  are  visible  in  front  (fig.  4). 

External  to  the  pterygoid  bones,  and  equally  prolonging  the 
lateral  contour,  is  another  pair  of  slender  boofis  which  do  not  reaoh 
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quite  80  far  back  as  the  vomer-like  elements,  though  they  are  rather 
more  symmetrical.  Tliese  }x)ne8  1  regard  asjmlatineijMi).  They  form 
the  outer  wall  of  the  minute  palatal  narioe-like  perfbratioDs  already 
refenred  to,  and  the  inner  wall  of  a  larger  pair  of  palatal  Tacnitiea 
which  are  placed  immediatelj  below  tiie  external  nares  and  are 
honnded  externally  by  the  truuvene  bones.   These  palatine  bones 
diverge  posteriorly,  and  run  as  narrow,|bar8  along  the  outer  borders 
of  the  vomerine  bones.    Their  termination  forward,  from  the  con- 
dition of  the  palate,  is  not  quite  clear,  though  they  appear  to  extend 
forward  as  far  as  the  palate  is  preserved,  and  abut  against  the  inner 
alveolar  margiii ;  bat  this  is  somewhat  uneertain.  Tbe  bones  appear 
to  widen  a  little  in  front  of  the  palato-transverse  foramina,  and  their 
least  length  is  probably  12  inches.    The  width  of  the  palate  at  the 
posterior  termination  is  nearly  4'  inches.    The  vacuities  which  lie 
between  the  palatine  and  transverse  bones  are  chiefly  notched  out 
in  the  lattter.  They  are  relatively  narrow,  rounded  posteriorly,  wider 
behind  tium  in  front,  and  haTO  a  length  of  a  little  onrar  d  inehea. 
The  distanoe  of  the  posterior  border  from  the  occipital  oondyle  la 
about  half  the  length  of  the  skull.   The  width  of  the  palate  over 
these  vacuities  at  their  thin  hinder  border?,  is  something  over  4 
inches.    They  converge  towards  each  other  anteriorly  in  conformity 
with  the  tapering  of  the  skull  forward.    The  t rayisvirse  bones  (/)  are 
second  in  siie  to  the  pterygoids,  and  altogether  larger  than  the 
palatine  bones  or  the  vomen.   Owing  to  the  condition  of  the  skull, 
there  is  the  same  difficulty  in  fixing  the  anterior  limit  of  these  bones 
as  there  was  with  those  last  mentioned ;  but  I  am  led,  from  the  indi- 
cations preserved,  to  conclude  that  both  terminate  forward  nt  the 
anterior  third  of  the  specimen.    If  so,  the  transvei"se  bones  diverge 
backward  in  a  long  V-shape,  and  have  a  length  of  about  17  inches. 
Thronghout  the  whole  of  the  anterior  ends  thev  rest  against  the 
palatine  bones,  are  probnged  as  an  enter  boraer  to  the  palatal 
▼aenities,  and  then  widen  inward  so  as  again  to  run  along  the  pala- 
tines again  till  they  terminate.    They  extend  backward  along  the 
outer  diverging  margin  of  the  pterygoids,  gradually  contracting  in 
width  and  extending  beyond  the  outer  angle  of  the  pterygoid  into 
the  pterjgo-malar  vacuity  for  over  an  inch.    The  posterior  part  of 
the  bone  has  its  external  outline  genHy  oonvex  in  length,  and  the 
widest  part  of  Ihe  bone  is  at  the  point  where  the  palatine  termi- 
nates posteriorly,  where  it  measures  about  1^  inch  from  side  to  side. 
Its  surface  is  smooth,  convex  from  within  outward,  and  it  is  plared 
obliquely,  so  that  its  outer  border  descends  almost  to  the  level  of  the 
malar  and  maxillary  bones.    There  appears  to  be  a  lung  narrow 
vacuity  between  the  maidllary  and  malar  bones  and  the  transverse ; 
but  it  is  impossible  to  say  how  far  this  might  be  modified  in  eha- 
racter  if  the  specimen  were  entirely  free  from  matrix,  since  the 
transverse  bones  arc  obviously  thiek,  and  may  extend  under  the  orbit. 
But  for  the  slight  posterior  projecting  processes  of  the  transverso 
bones  the  cavity  between  the  emarginate  border  of  the  pterygoid 
and  the  malar  and  quadrato-jugal,  in  which  the  lateral  vacuities 
terminate,  would  be  subovoid.   Where  widest  the  transverse  mea- 
■uranent  of  each  of  these  spaces  is  upwards  of  4  inehes. 
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There  now  only  remain  on  the  palate  the  articular  ends  of  the 
lar^  quadrate  bones  (q).  These  extend  below  tho  level  of  the  palate 
and  aro  suhreniform,  concave  on  the  inner  border  where  tho  ptery- 
goid abuts,  convex  on  the  outer  border,  and  narrower  in  front  than 
behind.  The  articular  surfaces  aro  arranged  longitudinally,  and 
eie  more  tliaii  Moe  as  long  aa  wide,  oonrez  in  length  se  weU  aa 
from  side  to  aide.  That  on  tiie  left  aide  ia  a  good  deal  broken 
away.  The  length  of  the  articular  sorfiMse  ia  abont  3i  inohea, 
while  itB  width  did  not  exceed  1^  inch. 

I  have  already  compared  tho  skull  of  Ichihyomunis  with  that  of 
other  extinct  and  linng  animab,  in  a  paper  published  by  the  linnean 
Society  in  February  1876  (Journal,  vol.  xii.  p.  296),  and  only  here 
wonld  draw  attention  to  the  view  ononoiBted  hy  Profeaaor  Owen  in 
the  reporfc  of  his  lecture  at  the  School  of  Mines  in  1858  (Ann.  Nat. 
Hist.  aer.  3,  voL  i.  p.  395),  that  a  traer  conoeption  of  the  affinities  of 
the  [cktliiiosauruK  may  bo  obtained  by  comparison  with  Labyrintho- 
donts  and  other  Triassic  reptiles  than  with  modern  Ljicertiaiis  and 
Crocodilians,  for  the  sake  of  showing  that  the  Crocodilian  characters 
of  the  skull  have  been  aomewhat  underestimated.  In  the  memoir 
refened  to  I  merely  stated  facta  and  possible  interpietationa.  Now 
it  seems  to  me  that  we  are  justified  in  going  a  step  farther,  and  by 
comparison  with  the  Teleosaura  may  gain  some  better  insight  into 
the  relation  of  Ichthyosaurs  with  Crocodiles  than  would  bo  furnished 
merely  by  evidence  from  the  existence  of  bony  elements  like  the 
Bupraquadrate  bone  only  elsewhere  found  among  Labyrinthodonts. 
For  in  the  Teleosaurian  genera  we  aee  the  palate  in  prooesa  of  being 
dosed  in  the  median  line,  though  it  ia  still  open ;  and  if  the  maxil> 
lary  boneaof  Tchthj/omu imt  were  supposed  to  develop  larger  palatine 
plates,  so  as  to  olo-^e  tho  palate  in  the  median  line,  then  the  palatine 
bouos  would  come  together  aa  in  the  Crocodiles,  and  the  pterj'goid 
bones  would  be  overlapped  by  them  in  part  according  to  the  Cro- 
codilian pattern.  If  the  median  vacuities  in  the  Ichthyosaurian 
skull  were  closed  by  the  pterygoida  meeting,  then  the.  Taiiaitiea 
between  the  transrerse  and  palatine  bonea  would  remain  homolo- 
gous with  the  large  palatal  TnouitifiB  of  Orooodiles,  and  the  cavity 
behind  the  transverse  bone  in  Crocodiles  wonld  correspond  to  the 
similar  cavity  in  Irhthijosaurns.  The  Ichthyosaurian  palate  there- 
fore seems  to  me  to  represent  the  Crocodilian  palate  before  it  has 
made  any  approximation  to  the  median  closing  of  the  bones,  which 
ia  one  of  the  oharaotoriatifla  of  the  existing  order. 

With  regard  to  the  upper  surface  of  tiie  skull,  both  postorbital 
and  supraquadrate  bones  are  clearly  unossified  in  the  recent  type ; 
but  tho  vacuities  exist  in  Crocodiles  in  which  they  should  be  de- 
veloped. Tho  most  striking  differences  of  the  hinder  part  of  tho 
skull  in  the  two  orders  are  chietiy  matters  of  proportion,  consequent 
upon  the  reduced  aise  of  the  orblta  in  Crocodiles  and  their  consequent 
loss  of  a  more  or  leas  vertical  position.  But  in  fossil  Orooodiles  and 
Teleosaurs  the  temporal  fosss  are  relatiTely  larger  than  in  the  living 
form ;  and  in  these  animals  we  find  a  small  prclachrymal  vacuity 
which  oooupiea  the  position  of  the  external  nasal  openings  in  Jeh" 
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thyosaurns.  But  if  the  nasal  bones  had  not  been  prolonged  in  front 
of  the  nares,  and  the  prem axillary  bone«  had  remained  merely 
bounding  thoir  anterior  margin,  the  resemblance  of  plan  between 
the  Crocodile  and  Ichthyosaur  would  have  been  more  striking. 
However^  tiioogh  the  long  prenajcial  siurat  of  /cAf^oMumf  oonsti- 
tutes  an  ezoelleat  ordiiukl  ohanujter,  becaiue  it  is  oonstant^  it  doet 
not  appear,  from  an  anatomical  point  of  view,  to  be  of  much  import- 
ance as  a  measure  of  nn  animal's  affinities,  because  it  depends  on  the 
development  of  the  premaxilhiry  at  the  expense  of  the  maxillary 
bone.  Important  aa  are  the  differences  of  detail,  there  is  a  closer 
family  relationship  between  Ichthyosaurus  and  living  Crocodiles  than 
between  IchikyotmuruB  and  any  other  ensfcing  order  of  reptiles ;  and 
this  resemblance  in  the  skull  is  also  faintly  indicated  in  the  ver- 
tebral column  by  the  doable-headed  articulation  for  the  ribe,  which 
is  not  met  with  among  true  reptiles,  and  is  more  important  as  a  mark 
of  affinity  than  the  development  or  absence  of  transTerse  processes 
when  taken  in  connexion  with  skull-characters. 

The  only  species  to  wfaiah  tiie  fowl  desoribed  malm  a  near 
approaah  in  proportionate  widtii  of  the  head  is  a  laige  foim  from  the 
Lias  of  Whitby,  whioh  Professor  Owen  had  distinguished  under  the 
MS.  name  Ichthyosaums  cra.nsimanus,  and  which  the  Eev.  J.  F.  Blake, 
F.G.S.,  has  brietly  noticed  in  the  '  Yorkshire  Lias,'  p.  258.  "Mr.  Blake 
gives  the  head  as  0  feet  3  inches  long,  and  3  feet  wide  behind,  but 
without  further  description.  So  far  as  I  remember,  the  bkuli  in  that 
speoimen  is  greatlj  cmshedy  and  its  oharaoters  areobsonred,  so  that  a 
detailed  comparison  oennot  well  be  made ;  hot  the  impression  left 
on  my  mind  by  studies  made  16  years  ago  was  to  the  effaet  that  the 
larj^e  animal  at  York  was  distinct  from  the  smaller  species  now  de- 
scribed. I  am  acquainted  with  no  other  Ichthyosaur  in  which  the 
skull  attains  this  broad,  triangular  form,  with  the  orbits  so  far  apart 
from  each  other  and  so  moderately  inclined,  and  with  the  nares  so 
fkr  in  front  of  tiie  orbits  and  relatirely  so  laige.  The  bones  poa- 
tenor  to  the  orbit  are  also  more  than  usually  broad.  The  quadrate 
bone  too  descends  a  good  deal  below  its  ordinary  position.  These 
characters  sufficiently  Hia^wgniaii  the  speoies  desoiibed  from  all 
others. 

I  would  express  my  grateful  thanks  to  Professor  Hughes  for  his 
kindness  in  allqwing  me  to  deaenbe  and  figure  this  specimflin. 


SXFLANATION  OF  PLATB  ZXT. 

Icht/it/osauru;s  Zetlandicus. 

FigH.  1-3  nre  rntliPi-  le88  tliun  one  fourth  nstuiai  aiiBk 

Fig.  4  is  rcdumi  one  half. 

Fig.  1.  The  skull  viewed  from  above.   The  premaxiUory  boaee  are  imperfect  in 
front. 

2.  Til*  siuia  ikull  Mea  frcsn  the  side^  diowbg  the  elevated  heed  eod  leige 

orbit. 

3.  Fabtal  eepeoi  of  the  «une  skull. 
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Fig.  4.  Outline  of  polished  anterior  end  of  the  seotion  of  tiM  jaw8»  showing 
teeth  in  toe  pmnmilUry  bonee,  and  ibe  TomMcine  Donee  ehedea 
oeenpTiqg  the  median  ]iii0  of  tht  peleteb 

In  all  the  4gm  the  lettsn^  ie  the 

TF.  Temporal  foaea. 
FP.  Foramen  perietele. 
0.  Orbit. 


JT.  Anterior  nene. 

pm.  Preinjiiillary  bone^ 
m.  Maxillary  bone, 
fi.  Naaal  bone: 
/.  T^achrymal  boneu 
ma.  Malar  bone. 
pf,  Prefirautal  bone. 
/.  Frontal  bone. 
pf.  Poetfrontal  bone. 
p.  Parietal  bone. 
sjm,  Bquamoeal  bone. 
sq.  Supraquadrate  bone. 

Quadrato-jugal  bone. 
M.  PoetoiUtal  bone. 


q.  Quadrate  bonCb 
hio.  Basiocoipitnl  bone. 
bs.  Basisphenoid  bone. 
p9,  Frasphanoid  bone* 
p.  Pterygoid  bone. 
jMk  Ealatine  bone. 
A  HIVmmvmm  tone. 
V.  Vom^r. 
&P.  Spheooido-pterygoid  vacui- 

PTF,  YaMttUr  between  the  trana- 
Yriffeand  palatinr  bone«. 
F,  Vacuity  in    the  position 
uraallT  oeoapied  bj  the 
poBtanOr ; 
*4  Matrix. 
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The  Glacdulhoit  0/     Ososr  l8Liin>f.  By  B.  V.  Pbacjk,  Esq., 

F.G.S.,  of  the  Geological  Surrey  of  Scotland,  and  Jomr  Hobhb, 
Esq.,  F.G.8.,  of  the  Gedlogioai  Surrey  of  Scotland.  (Bead 
June  23,  1880.) 

[FunB  XXVI.  &  XXVIL] 
C0HTBRT8. 

L  Introduction. 
II.  Geological  StruotUXtt. 

III.  Gluciiition. 

IV.  Boulder-fltoy. 
V.  Moraines. 

VI.  Erratics. 
TIL  Condumon. 

(a)  Orknej'  glaciated  by  Scotch  ice. 

(6)  £xplanatiuu  of  the  occurrence  of  marine  sheila  in  the 

Bonlderolaj. 
(tf)  Almnee  of  giafflib  and  railed  beadiM  in  Orkney. 

Iv  a  fnmer  paper  yMdb.  we  oommunioated  to  the  Soetety  en  *^  The 
Oladation  of  the  SietlaDd  Ddes,"  we  endeaTonred  to  ahow  how:  1 . 

evidence  supplied  by  the  striated  surfaces,  the  rochts  moutonrU^^  and 
the  dispersal  of  the  stones  in  the  Boulder-clay  ix>int8  to  the  con- 
clusion that  Shetland  had  been  jjlaciatcd  by  Scandinavian  ice.  It 
was  further  argued  that  during  the  climax  of  glacial  cold  the  Scan- 
dinavian  and  IScotch  ice -sheets  coalesced  on  the  door  of  the  North 
Sea,  and  that  the  great  outlet  for  the  oomlmied  ioe-aheeta  waa 
towards  the  north-west  by  the  Pentland  Firth  and  the  Orkney 
lalands. 

In  the  course  of  the  autumn  of  1879  we  visited  nearly  all  the 
Orkney  Islands  for  the  purpose  of  continuing  our  researches  with 
reference  to  the  extension  of  the  ice  in  the  2^orth  Sea  in  the  Glacial 
period.  In  the  paper  now  presented  to  the  Society  we  purpose  to 
give  a  summary  of  the  reanlta  of  oar  ohaerrationa.  At  the  ontaet 
we  may  state  that  they  furnish  a  remarkable  confirmation  of  the 
conclusions  already  arrived  at  regarding  the  westerly  and  north- 
westerly movement  of  the  ice.  Moreover,  the  j)re8cnce  of  stones  in 
the  Boulder-clay,  which  must  have  been  derived  from  the  mainland 
of  Scotland,  and  the  discovery  of  abundant  remains  of  murine 
aheUs  in  the  same  deposit,  though  in  a  fragmentary  state,  are  of  the 
utmost  importance  in  guiding  ns  to  a  aatiafaotory  aolntion  of  the 
question. 

No  description  of  tlic  ;j:]atial  ])henoraena  of  Orkney  has  hitherto 
been  published  *.  Some  relerences  were  made  by  I'rofesser  Geikie  to 

*  Siiuv  this  paper  Tiraa  written,  our  friend  Mr.  Am  mid  Hellnnd  ha#  sent  us  a 
copy  ot  his  paper  *•  Ueber  die  Vergletsclierung  der  Faroer  luseln,"  which  ap- 
peared in  the  '  Zeititcbrift  der  deutMheu  geologisdien  Gceellsohaft,'  1879.  We 
are  glad  to  see  that  Mr.  Uelland  has  arrired  at  tho  sarae  conclusiions  as  our- 
selyes  regarding  the  north-westerly  moTement  of  the  ice  in  Orkneji  from  inde- 
pmdant  obierfmns  nwde  in  fhs  eoniBS  of  last  ysar. 
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tilie  existcoce  of  rocket  motUonneet  with  striated  surfaces,  Boulder- 
olay,  and  valley  moniiiet  in  the  idands  in  an  article  whioh 
peadred  in  '  Nature  *  *.  This  article  was  written  in  reply  to  a  letter 
hy  Samuel  Laing,  Esq.,  ^i.V.,  in  which  he  asserted  that  there  is  no 
eridonce  that  Orkney  had  participated  in  tho  general  glaciation  of 
Britain  f.  So  far  from  there  being  any  lack  of  evidence  regarding 
the  glaciation  of  these  islands,  we  hope  to  show  that  they  contain 
abundant  pioofi  of  hafiiig  undeigone  aevere  g^aeial  conditions.  Oue 
obMrrations,  however,  oompletdy  oonflm  Ifx.  Laing^s  abatement 
that  there  are  no  raised  lieaches  in  the  islands  indieating  ohaiigee  of 
tlie  xelatiTe  levels  of  sea  and  land  sinoe  glacial  times. 

II.  Geological  STRucrimK. 

The  geological  structure  of  the  islands  is  comparatively  simple. 
From  Sbromness  on  the  Mainland  northwards  to  Inganess  there  is 
an  aids  of  ancient  crystalline  rocks  on  which  the  representativee  of 

the  Old  Bed  Sandstone  rest  unoonformably.  These  cr}'stalline  rocks 
consist  of  a  fiiic-grained  granite  and  a  grey  micaceous  flaggy  gneiss, 
which  occupy  a  strip  of  ground  about  four  miles  in  length  and 
about  a  mile  in  breadth.  They  are  prolonged  southwards  in  the 
island  of  Graemsa.  With  this  exception  the  whole  of  the  Orkney 
Islands  are  occupied  by  Old  Bed  Sandstone  strata.  In  the  'island 
of  Hoy  representatives  of  both  the  upper  and  lower  divisions  of  thb 
fOTmation  are  met  with,  and  here  they  ;ir(;  separated  liy  a  marked 
unconformity ;  but  in  fJl  the  other  iakuds  the  beds  belong  to  the 
lower  division. 

Throughout  the  islands  there  is  a  remarkable  uniformity  in  tlie 
character  of  the  strata  belonging  to  the  lower  division.  They  consist 
mainly  of  hard  blue  and  grey  calcareous  flagstones,  which  are  so  typi- 
cally developed  in  Caithness,  fortunately,  however,  the  highest  beds 
of  we  Orcadian  flagstone  series  are  totally  diflbient  in  ohazaoter  from 
those  just  described,  being  composed  of  coarse  siliceous  red  and 
yellow  sandstones  and  marls.  The  sandstones  are  full  of  false- 
bedding,  and  frequently  conglomeratic,  containing  pebbles  of  granite, 
quartzite,  gneiss,  and  other  crystalline  rooks. 

The  distribution  of  this  arenaceous  series  has  an  important 
bearing  on  the  question  of  the  ice  movement.  On  referring  to  the 
map  scoompanying  this  paper  (PL  XXVI.),  it  will  bo  seen  that  it 
forms  a  well-marked  zone,  running  nearly  north  and  south  through 
the  centre  of  the  group.  The  relations  whicli  these  siliceous  sand- 
stones hear  to  the  flagstones  are  best  seen  in  Eda,  where  they  cover 
the  greater  part  of  the  island,  and  where  they  iorm  smooth  flowing 
hills  upwards  of  300  feet  in  height.  The  sandstones  lie  in  a  syndine, 
tiie  axis  of  which  runs  north  and  south,  and  on  both  sides  of  the  island 
they  rest  conformably  on  the  flagstones.  lu  the  islands  which  lie 
to  the  west  and  north-west  of  Eda,  viz.  Fara,  Westra,  Papa  Westra, 
Egilsha,  and  Rowea,  the  strata  consist  wholly  of  blue  and  grey 
flagstones,  which  are  inclined  at  gentle  angles.    Though  there  are 

*  '  Nature'  ToL  xfi.  p.  414*  t  '  Halore,'  toL  zfi.  p.  418. 
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man  J  minor  ondiilatioiifl,  yet  on  tiie  "wbxAB  tiiero  is  a  gmdntlly 
descending  series  towaids  the  western  headlands  ef  Bowsa  and 

Westra. 

In  StroTisa  and  Sanda  the  arenaceous  series  and  the  underlying 
flagstones  are  repeated  by  a  series  of  faulta,  which  are  laid  down  on 
the  map. 

The  8oath-^t  comer  of  Shapinshay  is  occupied  by  these  sand- 
stones, where  they  are  associated  with  a  dark  green  slaggy  diabase, 
which  forms  part  of  an  ancient  lava-flow.  They  reappear  4m  the 
south  shore  of  Shapinshay  Sound,  and  cross  the  Mainland  in  a  narrow 
strip  from  Inpaness  Head  to  8capa  Bay.  They  are  continued  also 
along  the  north-west  shore  of  Scapa  Flow  as  far  as  Or]>hir  Kirk, 
and  they  likewise  extend  along  the  eastern  shore  to  Howquoy 
Head,  near  St  Mary's.  Tliese  sandstones  and  marls  are  Imnight 
into  oonjnnotion  witii  the  flagstones  of  tiie  Mainland  by  two  great 
faults,  which  we  have  traced  on  the  ground ;  but  in  Oava,  Fare, 
Flota,  South  Konaldshay,  and  Burra  thoy  graduate  downwards  into 
the  flagstones,  and  arc  regularly  interbcdded  with  them.  As  the 
result  of  careful  mapping  of  the  coast- sections  in  the  southern 
islands,  we  have  come  to  the  conclusion  that  iScapa  Flow  occupies 
the  oentre  of  a  geological  basin,  towards  whieh  the  strata  are 
inolined  on  almost  every  side,  and  round  whose  shores  the  hij^iest 
members  of  the  Lower  Old  Red  Sandstone  in  Orkney  are  to  be 
found.  We  have  elsewhere  stated  our  reasons  for  believing  that 
the  Orcadian  liagstones,  with  the  conformable  sandstones  and  marls, 
are  the  equivalents  of  the  higher  subdivisions  of  the  Caithness 
series  *. 

It  ought  to  be  clearly  borne  in  mind  that  to  the  north-west  of  tiie 

great  fault  which  extends  from  Houton  Head  eastwards  by  Scapa 
to  the  bay  east  of  Work  Head,  the  Old  lied  strata  consist  wholly 
of  flaf^stones,  save  the  conglomeratic  beds,  which  repose  unoonfonn- 
ably  on  the  crystalline  axis,  nortli  of  Stroraness. 

The  physical  features  as  well  an  the  geological  structure  of  Hoy 
are  somewhat  different  from  those  whieh  obtsin  in  the  otiier  islands. 
Instead  of  a  low  undulating  tableland,  terminating  seawards  in  a 
blufT  cliff  or  sloping  downwards  to  a  sandy  beach,  which  is  the 
dominant  type  of  Orcadian  scenery,  the  island  of  Hoy  forms  a  pro- 
minent tableland,  trenchcfl  by  a  series  of  dee])  narrow  valleys, 
which  arc  occasionally  tiankod  by  conical  hilLs  upwards  of  150u  feet 
high.  These  narrow  valleys  must  have  been  admirably  adapted  for 
noorishing  a  series  of  local  glaoiers  towards  the  dose  of  the  Qladal 
period,  as  is  evident  from  tibe  long  morsinea  now  strewn  over  ^ 
hill-slopes. 

The  greater  portion  of  the  island  is  occupied  by  coarse  false- 
bedded  sandstones,  wliich  are  but  the  counterpart  of  the  Upper  Old 
Red  Sandstones  at  Duuuet  Head,  in  Caithness.  Near  the  base  of 
this  division  ooenr  some  eontemptncaneona  vtAouda  rooks,  which  are 
admirably  exposed  cm  the  noUe  diff  in  the  north-west  ot  the  island 

«  «•  The  (Hd  Bed  flandifeOBe  of  Orimey,"  bj  B.  N.  BoMh  sad  J.  Hmm. 
Tmob,  of  ths  VhjB.  Boo.  Bdinb.ToL  v.  1880. 
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and  at  the  base  of  the  Old  Man  of  Hoy.  The  whole  serioe  rests 
unconlormubly  on  the  flagstones  ;  and  in  the  south-west  portion  the 


tiub  irliioih  extends  horn  Melsetter  to  the  eoest-line  oppoelte  Baie 


The  i^aiilal  phenomena  of  Orkney  oompletely  establuh  the  donUe 
Byetem  of  glaoiation  which  we  found  to  obtain  in  Shetland.  There 

is  satisfactory  evidence  for  maintaining  that  during  the  primary 
glaciation  the  Orkney  Islands  must  have  been  overridden  by  a  mass 
o(  ice  which  moved  from  the  North  Sea  to  the  Atlantic ;  but 
towards  the  close  of  the  Glacial  period,  when  the  great  mer  de  glace 
had  retreated  from  the  Orcadian  ooaat-line,  looal  glacien  mtiit  ha^e 
lingered  for  a  time  in  the  valleys  of  Hoy  and  in  some  of  ike  mors 
elevated  parts  of  the  Mainland. 

Though  these  islands  do  not  comprise  any  districts  that  iniglit  be 
compared  with  Xorth  Mavine  or  the  promontories  of  Lunnasting  in 
Shetland,  which  are  dotted  all  over  with  finely  preserved  rocJies 
motdomtiM  and  rock-basins,  nevertheless  a  carefhl  search  along  the 
clifF-tops  reveals  numerous  instanoes  of  glaeiated  snifaoes  and  ioe- 
markings.  The  latter,  however,  are  not  so  abundant  as  we  found 
to  be  the  ciise  in  Shetland,  which  may  be  satisfactorily  explained  by 
the  rapid  di.sintegration  of  the  flagstones  when  long  exposed  to 
atmospheric  wast^;. 

In  the  island  of  Westra  the  average  direction  of  the  striae  in  the 
eastern  part  of  the  isUnd  is  W.  2(f-3(/*  N.  dose  hy  Noltland 
Castle,  at  the  roadside,  the  trend  is  W.  20^  N.,  on  the  north-west 
face  of  Cleat  hill  N.W.,  and  immediately  to  the  east  of  the  same 
hill  W.  30°  N.  At  llackwik,  on  the  eastern  shore,  the  ice-markings 
vary  from  W.  to  W.  20°  N.,  while  in  Tuquoy  Bay  they  point 
W.  10^  S. 

A  oareful  examination  of  the  striated  surfaces  on  the  hills  west  of 
Pierowall  proTes  that  the  ice  must  hare  been  slightly  defleeted  as 

it  im])iDged  on  the  eastern  slopes,  the  lower  portion  moving  in  the 
direction  of  the  northern  coast-line,  while  the  higher  strata  streamed 
westwards  over  the  hill-tops  towards  Nonp  Head  and  Russitaing. 
On  the  north-eastern  face  of  the  hill  south  of  Ourness  several 
examples  were  noted  pointing  N.  30°-35"  W.,  but  in  the  gap  be- 
tween the  hiDs  the  direction  is  W.  5''S. 

Perhaps  one  of  the  most  interssting  fiBatores  eonneeted  with 
the  glaciation  of  Westra  is  the  freshness  of  the  ice-markings  on 
Nonp  Head  (240  feet)  and  along  the  clifF-tops  to  the  south.  A  few 
yards  to  the  north  and  south  of  the  highest  point  of  this  bold  head- 
land, finely  ]»rt'served  stria)  were  observed  on  grey  flags,  where  the 
thin  Boulder-clay  hud  been  recently  removed  by  the  action  of  the 
sea,  trending  W.  to  W.  S°  TX.   Above  Banma  Gio  the  dixeetion 

*  The  geological  Btructure  of  Hoy  was  solved  by  Profeflaor  0«i]de  and 
Mr.  Bw  N.  Peach  in  1874.  See  "  The  Old  Red  Sandstones  of  Weitem  Europe," 
Trans.  Boj.  See.  Edinb.  vol.  xsfiiL  p.  411  i  alio  The  Old  Uuk  of  Hoy,"  deoL 
Mag.  decade  ii.  toL  v.  p.  49. 
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varies  from  W.  10°  N.  to  W.  10^  S. :  at  Russitaing,  W.  20°  S. ;  near 
the  Red  Uare,  W.  1^  S. ;  near  Inganess,  W.  15°  S.  to  W.  18°  N. ; 
and  again,  in  the  hay  south  of  Inganess,  a  well-marked  instance 
pcantsW.  12'' N. 

In  some  parts  of  the  island  of  £da  the  proofs  of  glaciation  are 
marvellously  fresh,  raoro  especially  on  the  surfaces  of  the  harder 
sandstones.  From  the  finely  glaciated  surfaces  and  numerous  rocJu» 
moutonnees  in  the  centre  of  tho  island  north  of  Lonton  it  is 
evident  that  the  ice  most  have  overtopped  the  hills  in  its  north- 
westward march.  On  t^e  east  slopes  of  the  Stennie  hill  the  direo- 
tion  of  the  striflB  is  W.  20^-25^  N.,  and  not  far  to  the  south 
W.  40°  N. 

Along  tho  eastern  const,  between  Calf  Sound  and  Lonton  Bay,  the 
ice-markings  point  N.  'J{P-'M)°  W.,  while  between  the  Kirk  of 
Skaii  and  tho  Vcuesii  promontory  the  average  direction  is  W.  35°— 
40°  N.  In  one  lemarkaUe  instance,  on  the  shore  abont  a  nule  to 
the  south  of  the  Kirk  of  Skail,  stria  were  observed  on  a  highly 
inclined  rock-face  trending  north  and  south,  while  on  the  cliff-top 
tho  direction  is  W.  ^'f  X.,  tho  former  being  evidently  due  to  local 
detiection.  Along  the  western  coast  the  general  direction  of  the 
ice-movement  is  in  perfect  harmony  with  that  just  described.  In 
tho  neighbourhood  of  Warness,  which  forms  the  south-west  pro- 
montory of  the  island,  the  trend  is  W.  13°  N.,  while  to  the  west  of 
the  Wart  of  Eda,  on  the  cliff-tops,  it  varies  from  W.  28°  N,  to 
W.  43°  N. ;  and  again,  to  the  north  of  S(!al  Skerr>',  W.  40=^  N.  One 
of  the  best  examples  to  be  met  with  in  the  island  occurs  in  the  bay 
enst  of  P^aru's  Ness,  where  a  small  stream  enters  the  sea.  This  burn 
has  cut  down  through  a  deposit  of  shelly  Boulder-clay  to  tho 
polished  parement  on  which  it  rests ;  and  uong  the  streamHwnrse 
the  firm  fines  produced  by  the  ice-chisel  may  he  seen  to  advantage 
on  the  glaciated  surfaces  of  the  sandstones.  The  direction  of  these 
instances  is  N.  27°  W.,  but  on  the  shore,  dose  by  the  mouth  of  the 
stream,  the  trend  is  W.  38^  N. 

Notwithstanding  the  widespread  covering  of  blown  sand  which 
envelops  the  greater  portion  of  the  island  of  Sanda,  wo  succeeded 
in  finding  abundant  traces  of  the  ice>movemeni.  In  the  Bumess 
peninsula  striated  surfooes  are  numerous  along  the  coast-lino,  about 
a  dozen  instances  occurring  between  Hermaness  Bay  and  the  Holms 
of  Eyre,  which,  with  one  or  two  exceptions,  point  W,  10°- 15°  N. 
To  the  west  of  Loch  lloo  tho  direction  is  W.  25"^  N. ;  and  not  far 
from  the  Savillo  boulder,  on  the  eastern  shore  of  the  peninsula,  the 
trend  is  N.W. 

On  the  shores  of  Kettletoft  Bay  the  average  direction  is  W.  lO^N. ; 
inland  from  this  bay  towards  the  Free  Church  it  varies  from 
W.  20^-40°  N.,  while  in  Baoaskeal  Bay  it  is  N.  32°  W.  This 
north-westerly  movement  is  equally  borne  out  by  the  evidence 
obtained  in  the  southern  part  of  the  island  ;  for  in  tho  ]>ay  west  of 
Hack  Ness  the  ice-markings  point  N.  3(J'  W.,  and  on  the  western 
shore  between  Spur  Ness  and  Stranquoy  N.  S^-IT*  W. 

The  island  of  Stronsa  likewise  supplies  condnsive  evidence 
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regarding  the  direction  of  the  ice-movement;  for  in  Odin  Bay, 
wliAre  an  importtnt  aeetioii  of  Boulder-day  ooenzB,  wliieh  m  shdl 
describe  pieeently,  the  strie  point  W.  15^-35^  N. ;  between  Eiik- 

buster  and  Finga  the  trend  is  W.  10°-40^  N.,  at  Buijji  Head 
W.  40°  and  north  of  HollaTul  W.  40-'  N".  On  the  wostom  coast- 
line, on  the  shores  of  liousholm  Bay,  the  direction  varies  from 
W.  41°  N.  to  N.  40°  W. ;  and  on  the  shores  of  Linga  Sound  it  is 
W.  40°  N.  It  is  of  the  utmost  importance  to  note  the  perfect 
agreement  in  the  trend  of  the  iee-markingB  in  diffsrent  parts  of  this 
idand,  beoanse  it  indicates  a  persistent  morement  in  one  detenninate 
direetion. 

A  careful  examination  of  the  striated  surfaces  on  Shapinshay 
coiilirms  in  a  remarkable  manner  the  evidonco  ref^arding  the  ice- 
tiow  during  the  primary  glaciation  in  the  northern  islands.  Along 
the  west  coast,  between  Galtness  and  Stromberryness,  the  direction 
▼aries  from  W.  to  N.W.,  while  on  the  shores  of  Yeantro  Bay,  whioh 
indents  the  northern  part  of  the  island,  the  markings  point  N.W. 
and  N.  3o°-40  W.  Further  along  the  eastern  coast-line,  between 
Gioness  and  the  school-house,  the  direction  is  "W.  30°  N.,  and  the 
same  trend  is  o])servable  southwards  towards  the  church ;  near 
Foot  stria)  were  noted  pointing  N.  30°  \V.,  and  close  to  Haco's  Ness 
K.20^W. 

It  is  impossible,  within  the  limits  of  this  paper,  to  describe  the 
varioos  instances  we  met  with  in  the  Mainland,  and  we  will  there« 
fore  merely  indicate  tlic  general  trend  in  different  parts  of  the 
island.  On  the  glaciated  surfaces  of  granite  and  gneiss  north  of 
Stromness  numerous  examples  occur  trending  W.  lo°-20'^  N.  and 
W.  12""  S.  Immediately  behind  the  town  the  direction  varies  from 
W.  BP~4fP  N.,  while  on  the  moorland  between  Teenabae  and  the 
Lodi  <rf  Stennis,  as  weU  as  at  tho  King  of  Brogar,  the  same  Tarii^ 
tion  is  observable  from  W.  12«>  N.  to  N.W. 

On  tho  hill-slopes  overlooking  Gorsnoss  and  the  island  of  Gairsa 
the  average  diredion  of  several  examples  is  N.  25°-30°  W.,  and 
along  the  coast-line  from  Irland  Uay  to  Houtou  Head  the  trend 
varies  from  W.  12°<-42P  N.  One  instanee  occurs  in  Irland  Bay 
pointing  W.  SSP  S.,  which  probably  belongs  to  the  later  gladation. 

In  Kirkwall  Bay,  a  short  distance  to  the  east  of  the  pier, 
beautifully  striated  flagstones  may  be  seen  where  Boulder-clay  has 
been  recently  removed  by  the  action  of  the  sea,  the  strinn  running 
N.  6^  W.  and  N.N.W.  :  and  so  also  on  the  surfaces  of  tlie  ilagstones 
in  the  Scapa  Quarry  the  direction  is  N.  8°W.  Along  the  shore 
from  Scapa  to  Howtjuoy  Head  the  ayerage  direetion  of  several 
mLomploB  is  N.  30^-35°  W.,  and  near  St.  Mieuys  the  trend  varies 
from  N.W.  to  N.  25°  W. 

In  the  southern  islands  strife  are  not  so  abundantly  found,  owing 
t(»  the  readiness  with  which  the  soft  yellow  Raiulstoues  and  marls 
crumble  away  when  long  exjMised  to  the  denuding  agencies.  Tn 
bouth  Ilonaldshay  several  examples  occur,  the  general  direction  of 
which  is  W.  2(rN.  These  may  be  seen  on  the  diff-tops  near 
ir>tow  Head  and  Halero  Head  by  removing  the  ooating  of  Bonlte- 
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eUy,  on  tihe  diflb  of  the  labad  of  H07,  orariooldBf  ^ 

AtUHitio,  striated  lOffteee  hm  been  obterred  by  Frofanop  Gdkie 
at  a  height  of  600  or  700  feet  abeifO  the  eear-leveL 

The  evidence  now  adduced  regarding  the  ice-movement  proves 
beyond  all  doubt  that  the  isluuds  have  been  glaciated  in  one  deter- 
minate direction,  independently  uf  their  physical  features.  A  glance 
at  the  stris  map  accompanying  this  paper  (PI.  XXVIL)  ehowe  the 
remarkable  uniformity  of  the  ioe-flow  in  the  different  islands.  Heie 
and  there,  where  loeal  eauses  interfered  with  the  general  mo?einenty 
slight  dedections  are  met  with ;  but,  on  the  whole,  the  prevalent 
direction  varies  from  W.N.W.  to  N.N. W.  A  careful  examination 
of  the  numerous  striated  surfaces  convinced  us  that  the  ice-sheet 
must  hav()  crossed  the  islands  from  the  North  6ea  to  the  Atlantic. 
Indeed  no  one  who  nfleote  fnr  a  moment  on  the  physical  fiMtnrea 
of  the  iahrndB  ooald  reasonably  attribute  the  striatioDB  to  a  looal 
radiation  of  the  ice.  If  we  except  Hoy,  theae  scattered  islands 
contain  no  mass  of  elevated  ground  which  is  capable  of  giving  rise 
to  a  local  ice-^heet.  ISo  far  from  thia  being  the  ease,  wo  shall  have 
occasion  to  refer  to  the  absence  of  any  indications  of  the  existence 
of  local  glaciers  in  most  of  the  islands  towards  the  close  of  the 
Glaoial  period,  a  phenomenon  whioh  ia  dombtleie  due  to  this  veiy 
cause.  On  the  contrary,  when  we  view  the  persistent  north- 
westerly trend  of  the  storiations  in  connexion  with  the  physical 
features,  when  wo  consider  that  the  glaciated  Kurfaoes  along  the 
clitf-lops,  JLS  well  as  the  roches  mnutimmes  on  the  hill-slopes,  prove 
that  tlie  islands  must  have  been  uverliuwed  by  the  ice,  we  cannot 
resist  the  oondosion  that  the  ioe-movement  daring  11m  primaiy 
glaeiation  originated  beyond  the  limits  of  Orkney. 

^ortonatel)  the  disponal  of  the  stoaea  in  the  fioulder-ofaty  amply 
oonfirms  the  foregoing  conclusions  regarding  the  north-westerly 
movement  of  the  ice,  while  the  presence  of  Scotch  roc^ks  in  the  same 
dej)osit  enables  us  to  demonstrate  that  the  ice-sheet  which  crossed 
this  group  uf  islands  must  have  radiated  from  the  mainland  of 

IV.  BoULDER-CLAT. 

This  dc])0sit  is  not  spread  over  the  general  surface  of  the  low 
undulating  tableLmds  in  the  lorni  ot  a  more  or  less  continuous 
covering,  it  occurs  mainly  round  the  bays,  where  it  frequently 
attains  a  eonsideiahle  depth,  while  the  inland  distriots  are  eomed 
with  a  tiiin  clayey  soil,  dae  to  the  decomposition  of  the  underlying 
tiagstones.  AVe  shall  have  occasion  to  describe  one  or  two  sectiona 
of  Boulder-chty  wliich  may  be  traced  continuously  along  the  shore 
for  half  u  mil  ,  and  which  are  quite  undislinguishable  from  ihe 
iyowcr  Boulder-clay  of  Scotland.  Occasionally  thin  patches  of  this 
deposit  are  to  be  fouuj  on  the  oliif-tops,  contaiuiug  woll-bthuted 
stones  and  foreign  rocks,  clearly  indicating  that  the  islands  must 
haTO  been  overflowed  by  the  ioe. 

In  the  island  of  Westra  the  BoulJer-clay  is  sparingly  distribntsdi 
butaowe  eKoeUent  seotiona  aw  to  be  met  with  xoond  the  bays  in 
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the  southern  districts.  At  Kackwik,  near  IStangar  Head,  it  consists 
of  a  tough  tenaeious  gritty  day,  which  is  ohiedy  made  up  of  red 
•andstone  fragments,  about  80  per  cent,  of  the  laiger  being 
oiHDiposed  of  sandstones  which  are  foreign  to  the  island.  Some  dt 
these  blocks,  wliich  are  finely  smoothed  and  striated,  measure  six 
feet  across.  The  deposit  rests  on  the  groy  flagstones,  and  some 
small  subangular  fragments  derived  from  the  uTulcrlying  rocks  are 
likewise  included ;  but  the  great  majority  of  the  slouos  consist  of 
sandstones  whieh  we  idantj&d  as  belonging  to  the  island  of  Eds. 
Grossing  the  peninsula  to  the  shorn  of  Taquoy  Bay,  similar  sections 
are  presented,  resting  on  grey  flagstones,  the  inoludsd  blocks  being 
composed  of  the  underlying  rocks,  red  sandstones,  quartzites,  and 
chalk- tiintii.  It  is  important  to  note  that  the  red  sandstone  blocks 
do  not  form  such  a  large  percentage  at  this  locality,  but  that  they 
gradually  diminish  in  number  as  we  recede  towards  the  north-west. 
On  the  slopes  of  CQeat  hiU  fragments  of  granite,  quartzite,  diorite, 
and  dolerite  are  associated  with  the  flagstones  in  this  deposit ;  iHille 
still  further  north,  near  the  church,  blocks  of  red  and  white  honey- 
combed saiulstoiie  and  small  pink  granite  stones  were  observed  in 
the  Eouldi  r-clay  in  addition  to  the  local  rocks. 

Along  the  west  coast  hardly  any  iioulder-clay  is  to  be  met  with ; 
botsome  thin  patches  are  to  be  seen  on  the  cliffs  at  Konp  Head, 
containing  well-striated  stones  derived  from  the  flagstones  of  the 
island.  Occasional  smooth  blocks  of  lied  Sandstone  occur  in  the 
hollows  amongst  the  debris  of  the  underlying  rocks,  which  are,  in 
all  likelihood,  the  relics  of  the  once  existing  Boulder-clay. 

jNow  it  is  evident,  on  a  luonjent's  consideration,  that  the  gradual 
decrease  in  number  of  the  red  uaudsluues  in  the  i^o older- clay,  as 
we  traverse  the  island  from  the  south-eastern  headlands  towards 
the  west  coast,  indicates  that  the  ice-flow  must  have  been  towardt 
the  Atlsntio  $  and  when  we  consider  that  these  sandstones  nowhere 
occur  in  $itu  in  Westra,  and  that  they  could  only  have  been 
derived  from  the  adjacent  islands  of  Eda  and  ISanda,  we  are  forced 
to  conclude  that  the  ice-movement  must  have  been  altogether  inde- 
pendent of  the  islands. 

Along  the  east  coast  of  Eda  the  Boulder-day  is  not  so  abDndaat  as 
in  some  of  the  more  sheltered  bays  on  the  opposite  side  of  the  island^ 
which  is  satisfactorily  accounted  for  by  supposing  that  the  rocky 
slopes  facing  Kda  Hound  were  exposed  to  the  full  sweep  of  the  mer 
de  glace.  Hero  and  there,  however,  patches  do  occur,  as  on  tho 
north  shore  of  Lonton  Bay,  where  the  deposit  contains  smoothed 
and  striated  chalk-stones,  idong  with  blocks  of  red  and  white  sand- 
stones and  grey  flagstones.  Its  most  noteworthy,  feature  u  the 
presence  of  worn  fragments  of  marine  shells,  which  are  scitored 
irregularly  through  tlic  stony  clay.  Similar  sections  occur  in  the 
bay  of  Calf  Sound  near  the  pier,  and  also  along  tho  west  coast  near 
the  Wart  of  Eda,  where  shell-fragments  were  likewise  observed. 

Perhaps  the  finest  section  of  this  deposit  in  Eda  occurs  along  the 
banks  of  a  small  strsam  which  flows  into  the  bay  about  a  nula  east 
«f  Fara's  Ness  on  th<i  west  ooast.  Thestreiimhas  outdown  thvoogh 
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the  stony  clay  to  tiie  finely  groovod  paTanwat  of  aandrtoiiA,  to  tliat 

the  glaciolist  can  examine  thoroughly  the  nfttQro  of  the  deposit. 
It  consists  of  tough  red  clay,  packed  with  smoofh  and  striated 
stones  scattorod  irregularly  through  the  section.  There  is  no 
trace  of  stratification  in  the  deposit,  as  it  retains  the  same  tumul- 
tuous character  throughout.  The  stones  are  beautifully  striatM 
along  the  major  axis,  and  are  mainly  oomposed  of  the  underlying 
fed  and  yellow  sandstones,  Tarying  in  sixe  from  an  ineih  to  several 
feet  across.  In  addition  to  these  we  noted  smooth  ohslk-etones, 
chalk-flints,  an<l  snbangular  blocks  of  the  grey  flagstones.  The 
most  interesting  I'eaturo,  however,  is  the  occurrence  of  small  Avorn 
fragmeuts  of  marine  .sliolls  which  are  scattered  indiscriminately 
through  the  deposit ;  they  are  smoothed  and  striated  precisely  in 
the  same  way  as  the  stones  in  the  Boolder-day,  as  if  they  had 
heen  subjected  to  the  same  abrasion. 

Shelly  Boulder-clay  was  also  observed  on  the  west  ooasfc  of  Sanday 
between  Spur  Ness  and  Stranquoy :  and  sections  of  the  same  de- 
posit are  to  be  found  in  Bacaskeal  Bay.  In  the  Buruess  peninsula, 
near  the  Holms  of  £yre,  the  shore  is  bounded  by  low  cliffs  of  purple 
shales  and  flags,  with  a  ooating  of  Bonlder-cilay,  whioh  is  just  snffi- 
oient  to  oover  the  sozlhee  of  tiie  rooks.  It  U  ehiefly  oomposed  of 
fragments  of  the  underlying  rooks,  hnt  likewise  contains  fragments 
of  sandstone,  granite  blocks,  and  smoothed  st<inos  of  gneiss  and 
schist,  all  of  which,  except  the  sandstone,  are  foreign  to  the  island. 

In  Stronsa  several  important  sections  were  met  with  both  on  the 
east  and  west  sides  of  the  island.  On  the  shores  of  Liuga  Sound, 
not  far  from  the  narrow  istiunns  of  Aith,  a  section  of  shelly  Boolder- 
day  ooonrs  resting  on  grey  sandstone,  the  deposit  being  upwards  of 
25  feet  thick,  and  comprising  chalk,  ohalk-flints,  and  white  quartz, 
in  addition  to  the  blocks  derived  from  the  fla*^  and  sandstones  of 
the  island.  Further,  on  the  north-east  comer  of  Rousholm  Bay  a 
thin  coating  of  this  deposit  rests  on  the  flagstoues,  which  are  bent 
o^er  to  the  north-west  in  the  direction  of  tiie  ice-flow. 

One  of  the  best  ezposnres  of  Bonlder-clay  in  Oilmey  ooonrs  on 
the  eastern  shores  of  Odin  Bay,  in  Stronsa,  where  it  forms  a  con- 
tinuous cliff  for  nearly  half  a  mile.  At  intervals  the  section  is 
obscured  by  a  g^rassy  covering,  but  every  succeeding  storm  washes 
anew  the  face  of  the  clifF,  and  exposes  a  fresh  surface  for  examina- 
tion. The  deposit,  which  varies  from  20  to  30  feet  in  depth,  con- 
sists of  a  tough  gritty  clay  of  a  reddish  odour,  full  of  w«U-«moothsd 
and  striated  stones,  whieh  are  mostly  of  small  nie.  There  are 
few  large  boulders  to  be  seen,  the  largest  rarely  exceeding  a  foot  m 
diameter.  There  is  not  the  slightest  trace  of  stratification  from  one 
end  of  the  section  to  the  other,  as  the  stones  are  disposed  irregularly 
through  the  clayey  matrix.  By  far  the  greater  number  of  the 
included  blocks  have  been  derived  from  the  tiagstones  and  the  sand- 
stones wlucli  occur  in  the  neigbbonriiood  ;  hat  the  following  rocks 
are  Ukewise  represented: — granite,  pink  porphyritic  feLstooo,  gndss, 
schist,  quartsito,  white  quartz,  dark  limestone,  with  abundant  plant- 
remains,  which  is  probably  of  Caloiferous-SandBtone  age,  odlifeio 
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limestone,  oolitic  calcareous  breccia,  foBsil  wood  (probably  oolitic), 
chalk,  and  ohalk-flintB,  all  of  which  are  foreign  to  the  island.  When 
we  eome  to  oollate  the  eyidence  regarding  the  primary  glaoiation, 

we  shall  discuss  the  probable  localities  £rom  which  these  blooks 

were  derivrd.  At  present  it  is  sufficient  to  state  that  the  evidence 
is  clearly  in  tayour  of  their  having  been  carried  from  the  mainland 
of  Scotland. 

Equally  important  is  the  presence  of  nnmerous  fragments  of 
marine  sheUs  throughont  the  deposit.  Though  we  examined  the 
leotion  with  the  iitmust  caie,  we  did  not  sooceed  in  dislodging  a 
complete  shell ;  indeed  so  worn  are  the  fragments  that  it  was  with 

the  utmost  difficulty  that  we  obtained  specimens  sufficiently  well 
preserved  for  determination.  Nearly  all  the  fragments  are  smoothed 
and  striated,  like  the  stones  in  the  liouider-day ;  and  there  can  be 
littie  donbt  that  these  charaoteristics  are  dne  to  tlie  very  same  cause 
in  both  cases.  Amongst  the  broken  shells  we  detected  fragmente 
of  Cyprina  itkmdiea,  MytihUf  and  Miia  tnmcata ;  but  a  careful 
search,  after  severe  8tonn<4,  by  some  local  collector  would  certainly 
increase  this  list  considerably. 

In  the  iblaiid  of  Shapiushay  shelly  Boulder-clay  occurs  at  various 
localities  on  the  east  coast,  as  at  Kirkton,  where  it  contains  finely 
striated  chalk-stones.  The  best  sections,  however,  occur  along  the 
western  shore,  and  especially  in  the  bay  south  of  Gultness,  where  it 
forms  a  bluff  cliff  washed  by  high  tides.  This  clifi'  furnishes  valuable 
evidence  rep;nrdinp:  the  ice-rnrn%  inasmuch  as  we  noted  amongst  the 
included  stones  blocks  of  the  t^laggy  diabase  which  occurs  in  nitu  in 
the  south-east  corner  of  the  island,  along  with  striated  fragments 
of  the  sandstones  which  are  associated  with  the  volcanic  rocks.  In 
this  section  smooth  blocks  of  chalk  and  oolitic  limestone,  with 
numoDUS  fragments  of  marine  shells,  were  also  observed. 

If  we  traverse  the  ^lainland  from  Scapa  and  "Kirkwall  westwards, 
bv  Ihe  Loch  of  Stennis,  to  the  crystalline  axis  north  of  Stroniness, 
similar  conclusive  evidence  regarding  the  north-westerly  movement 
of  the  ice  is  obtained  from  the  Boulder-clay.  On  referring  to  the 
map  of  Orkney,  it  will  be  seen  that  the  narrow  zone  of  red  and 
yellow  sandstones  which  crosses  the  Mainland  from  Inganess  to 
8capa  extends  south-westwards  along  the  shore  as  far  as  Orphir 
Kirk,  Now,  in  the  slielly  Boulder-day  in  Kirkwall  Bay,  to  the  east 
of  the  pier,  striated  blocks  of  red  sandstone  are  commingled  with  the 
flagstones  in  the  clayey  matrix.  The  latter  are  by  far  the  most 
numerous,  and  are  likewise  beautifully  scratched  along  the  major 
axis ;  but  the  sandstone  blocks  constitute  a  fair  percentage  of  tiie 
included  stones.  From  the  lithological  character  of  these  blocks, 
we  had  no  hesitation  in  concluding  that  they  had  been  derived  from 
the  sandstones  to  the  east  of  Kirkwall. 

Again,  in  the  sections  occurring  on  the  const  between  Houton 
Head  and  Xrland  Bay,  the  observer  cannot  fail  to  note  the  gradual 
increase  in  the  number  of  the  sandstone  blocks  in  this  deposit  as  he 
approadies  Houton  Head,  a  phenomenon  which  is  qnite  inteUigible 
when  he  remembers  that  the  striations  along  the  shore  point  W. 
Q.J.G.8.  Ko.144.  2t 
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12^-42°  N.,  the  latter  being  the  proralent  directioiL.  Indeed  at 
Houton  Head  the  ioe-maAinpi  are  nearly  parallel  with  the  ooast- 
line,  80  that  the  san  lstone  blocks  could  not  possibly  have  come  from 
Hoy.  Blocks  of  the  same  rock  are  strewn  on  the  hill-.slo{)es  above 
Gorsnes''.  to  the  north-oast  of  Maes  Howe.  It  is  a  sif^nificant  fact 
that  not  a  single  block  of  the  granite  or  gneiss  which  occurs  in  situ 
to  the  north  of  Stromness  and  in  the  island  of  Graemsa  is  to  be 
found  in  the  Bonlder-olay  between  Irland  Bay  and  Honton  Head, 
or  anywhere  to  the  east  of  the  axis  of  crystalline  rooks ;  but  as 
Boon  as  the  western  limit  of  these  rocks  is  crossed,  numerous  blocks 
of  granite  and  gneiss  are  strewn  on  the  slopes  and  along  the  clifF- 
tops  l)etween  lirak  >^ess  and  Ingauess.  Had  the  ice-movcracnt 
been  from  the  north-west,  the  phenomena  would  have  been  precisely 
the  opposite  of  those  we  have  described. 

In  the  southern  islands  this  deposit  lis  not  abundant;  but  in 
South  Ronaldshay,  on  the  shores  of  Water  Sound,  east  of  St.  Mar- 
garet's Hope,  we  observed  patches  of  it  containin:;  Mocks  of  sand- 
Btoiie,  flags,  and  chalk,  with  comminuted  shells.  In  this  instance 
the  shellsi  when  being  dislodged,  crumble  readily  to  a  white 
powder. 

Our  Mend  Mr.  B.  Etheridge,  Jnn.,  who  kindly  examined  the 
shdl-frsgmenti  we  obtained  in  the  Boulder-olay  seotions  in  Orkney, 
informs  us  that,  on  account  of  the  fragmentary  character  of  the 
material,  it  is  impossibk*  to  determine  many  of  the  apecimma.  fie 
has,  however,  named  the  following : — 

Cyprina  islandica.  Mva  truncata. 

Aslarte  (hinge).  Mj  tilus  ^Iragmeat). 

Suioava  arotioa. 

ICr.  H.  B.  Brady,  F.K.S.,  has  also  kindly  determined  the  foUow- 
ing  spedes  of  Poraminifera  from  the  same  deposit : — 

Idioliaa  seininulum,  Linni.    I  Truncatulina  lobstula,  Wdker. 
Laguia  ouloata,  W,^J,        \  PolysUnuella  •triatO'pttiieUite,  F,  ^  M, 

V.  MORAINIS. 

One  conspicuous  feature  connected  with  the  Glacial  phenomena  of 
Orkney  is  the  remarkable  absence  of  any  traces  of  local  glaciers 
except  in  Hoy  and  the  Mainland.  When  we  consider  the  abundance 
of  moraine  heaps  in  all  the  more  important  islsnds  of  the  Shetland 
group,  this  difference  seems  all  the  more  striking ;  but  when  we 
remember  the  marked  contrast  between  the  i)hysical  features  of  the 
two  groups  of  islands,  the  difficulty  at  once  disa])pears.  As  we  have 
already  indicated,  the  only  ma.ss  of  elevat<.Ml  ground  which  would 
be  ca[)able  of  nourishing  a  scries  of  local  glaciers,  after  the  great  mtr 
de  glaee  had  melted  hade  from  the  Orcadian  eoast-line,  occurs  in  Hoy. 
Hence  we  find  that  in  the  valleys  which  drain  the  group  of  conioil 
hills  in  the  north  of  that  island  moraines  occur  in  abundance  and 
also  of  great  size.  Professor  Geikie  has  already  described  severiU 
examples  which  also  came  under  our  notice       In  the  valley  to  the 
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east  of  Hoy  hill  a  moraine  mound,  nearly  half  a  mile  long  and 
from  fifty  to  gizty  feet  high,  rniu  aeross  the  mouth  of  the  glen. 
It  would  seem  that  the  later  glacier  which  filled  the  valley  did  not 
Boeoeed  in  scooping  omt  the  morakts  profond*  heIongin|?  to  the 

primarj'  glaciation,  as  the  moraine  matter  rests  on  stiff  sandy 
Boulder-clay.  Further,  in  the  hollow  helow  Coulax  hill  several 
concentric  heaps  were  observed  which  extend  across  the  valley, 
indicating  pauses  in  the  retreat  of  the  glacier. 

In  the  Mainland  also  the  moory  ground  hetween  Finstown  and 
Ifaes  Howe  is  dotted  all  over  with  conical  moraine  heaps,  evidently 
deposited  by  tiie  glaciers  which  moved  oti'  the  northern  slopes  of  the 
Oq)hir  hills.  On  the  cast  side  of  the  range  of  hills  that  runs 
north  from  Finstown  several  parallel  moraine  ridges  may  be  ob- 
served not  far  from  Lllibister.  Again,  in  the  peninsular  tract  to 
the  eouth-eaat  of  Kirkwall,  a  splendid  seriea  oecun  in  a  valley 
situated  ahout  three  miles  north  of  GraemshaU.  At  the  point  where 
the  highroad  from  Rosenees  joins  that  from  8t.  Mary's  to  Kirkwall, 
the  concentzio  arrangement  of  the  moraine  heaps  is  admirably 
displayed. 

VI.  Erratics. 

Boulders  do  not  occur  rcrv  identifullv  in  Orkney  ;  but  wo  felt 
convinced,  from  an  examination  of  those  we  met  with,  that  tliey 
must  have  been  mainly  distributed  during  the  primary  glaciation. 
In  Weatia  hlocks  of  granite  and  quartsite  are  found  on' the  slopes 
of  Geat  hill;  end  rounded  stones  and  honlden  of  red  sand- 
stone from  Eda  ooenr  in  the  southern  disfcriet  as  well  aa  along  the 
western  shores. 

In  the  north  of  Sanda.  at  Saville,  a  remarkable  boulder  of  gneiss 
is  met  with,  whieh  has  been  described  by  previous  observers.  It 
measures  x  0  x  2^  feet  above  ground,  but  its  hase  is  buried 
underneath  the  surface.  Professor  Heddle,  who  has  made  a  minute 
examination  of  this  houlder,  states  that  it  does  not  appear  to  he  a 
British  rock.  Do  gives  the  following  description  of  it  in  a  recent 
number  of  tlie  '  Mineralogical  Journal  '*  : — "  It  consists  in  greatest 
amount  of  wliitc  finely  striated  oligoclase,  the  crystals  of  which  are 
penetrated  by  fine  tilaments  of  actinolite,  glassy  quartz  in  much 
smaller  amount,  dark  green  finely  foliated  lustrous  homhlende  in 
well-marked  eiystals,  very  little  of  a  pale-green  mica,  a  minute 
amount  of  a  pale-brown  mineral,  which  may,  hut  does  not  ap- 
pear to  be  sphene,  and  a  speck  or  two  apparently  of  thorite.  The 
mass  also  contains  a  single  crystal  of  pale-green  apatite  four  or  five 
inches  in  length  hy  over  an  inch  in  width,  and  this  apatite  con- 
tains imbedded  cryptolite.'' 

He  states  that  the  only  Scotch  rock  resembling  the  Sayille 
houlder  which  he  is  aware  of  is  to  he  Ibund  in  Butherlandshire ;  but 
it  has  orthochiHc  as  its  felspar,  and  does  not  contain  apatite.  Should 
this  boulder  really  prove  to  be  of  Scandinavian  origin,  its  presence 
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has  an  important  bearing  on  the  questiom  of  the  extennon  of  the 
ice  in  the  North  Sea.  Some  snuiller  l)lock.s  of  gneissose  rocks  occur 
in  the  neighbourhood.  A  few  boulders  of  coogiomeratic  saiulstoiies 
occur  in  Eda,  which  may  be  purely  local. 

On  the  Mainland  blocks  of  white  and  reddish-grey  sandstone  are 
strewn  on  fhe  hiU-abpes  north  of  Finstown  and  on  the  moory 
ground  south  of  Maes  Howe,  whioh  have  been  derived  firom  the 
nortb-west  shore  of  Sea  pa  Flow;  and  so  also  along  the  west  coast, 
between  Bnik  Xess  and  Inganess,  north  of  Hoy  Sound,  l)oulder3  of 
granite  and  gneiss  are  met  with  on  the  Hagstoue  area  to  the  west  of 
the  axis  of  crystalline  rocks. 

YU.  COKGLUUOV. 

The  evidence  now  adduoed  regarding  the  glacial  phenomena  of 
Orkney  is  of  the  utmost  importance  in  solving  the  question  of  tho 
extension  of  the  ice  in  the  North  Sea.  We  have  already  referred 
to  the  remarkable  uniformity  in  the  trend  of  the  ice-markings 
throughout  the  islands,  which,  with  certaiu  exceptions,  xary  irom 
W.N.W.  to  N.N.W*  From  the  manner  in  which  these  striataoni 
maintain  thor  persistent  north-west  trend,  irrespective  of  the 
physical  features  of  the  country,  it  is  evident  that  the  agent  which 
produced  them  must  have  acted  independently  of  the  islands. 

Nay,  more,  the  dispersal  of  the  stones  in  the  Bouldcr-clny  leaves 
no  room  for  doubt  that  the  ice-sheet  must  have  cros.<ed  tlie  islands 
from  the  North  Sea  to  the  Atlantic.  It  is  no  doubt  true  that  the 
lithologioal  Taiieties  of  the  Oroadian  rooks  are  not  so  numerous  as 
in  Shetland,  and  hence  the  corroborative  evidence  of  the  north- 
westerly movement  is  not  so  abundant.  Still  in  those  cases  where 
the  geological  stnicture  of  tlie  ground  permitted  us  to  test  with 
certainty  the  direction  of  tlus  ice-carry,  we  were  driven  to  the  con- 
clusion that  the  ico-flow  must  have  been  towards  the  Atlantic.  In 
Westra  the  Boulder-clay  sections  contain  striated  blocks  of  red  and 
white  sandstone,  which  have  been  derived  from  Eda,  and  it  is 
particularly  observable  that  they  diminish  in  number  as  we 
move  towards  the  north-west.  In  S]ia])inshay  blocks  of  the  slaggy 
diabase  from  the  south-east  corner  of  the  island  occur  in  the  Boulder- 
clay  near  (laltness  :  and  so  also  in  the  Mainland,  the  red  and 
white  sandstones  wiiich  cross  the  centre  of  the  island  are  repre- 
sented in  the  moraine  profonde  on  the  shore  between  Houton  Head 
and  the  Loch  of  Stennis.  Yet,  again,  to  the  west  of  the  axis  of 
crystalline  rocks  at  Stromness,  smoothed  blocks  of  gneiss  and 
granito  are  found  in  considerable  aburxlance. 

Fortunately,  hoAvever,  we  have  additional  evidence  which  enables 
us  to  demonstrate,  not  only  that  the  ice-movement  must  have  been 
from  the  North  Sea  towards  the  Atlantic,  but,  what  is  of  still 
greater  moment,  that  the  ice  which  glaciated  Orkney  must  have 
come  from  Scotland.  In  tile  numerous  sections  of  Boulder-day 
described  in  this  ])aper  we  have  had  occasion  t-o  refer  to  the  oc( nr- 
rence  of  smoothed  and  striated  stones  of  dark-grey  liineslones  full 
of  plunt-rcmaiusj  oolitic  limestone,  calcareous  breccia,  chalk,  chalk- 
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flints,  foBsil  woody  j&A  gnmite,  poiphyritio  ibbtone,  &e.,  all  of 
which  are  foreign  to  the  islands. 

According  to  the  opinion  of  Mr.  C;irrathers,  F.li.S.,  the  blocks  of 
dark-grey  limestone  with  plant-remains  in  all  probability  belong 
to  the  Calciferous  Sandstone  series.  Ho  has  identitied  a  well-marked 
specimen  of  Lepidastrobus  in  one  of  the  blocks,  though  it  is  not 
distjnofe  enongh  to  he  Dsmed  ipedflcally.  lithologically  the  bonlden 
resemble  some  of  the  thin  limestone  bands  in  the  CementBtone  scries 
of  Central  Scotland ;  and  the  nearest  locality  to  Orkney  where  these 
rocks  occur  in  situ  is  in  the  county  of  Fife.  With  referonco  to  the 
Secondary  rocks,  Professor  Judd,  F.R.S.,  states  that,  besides  the 
ohalk  and  chalk- Hints,  he  detected  amongst  our  collection  some 
speoimens  whieh  lesemble  some  of  l^e  Seoondaiy  lodka  of  Seotland. 
Two  ipedmens  of  the  ealcareous  bveoda  from  the  Boolder-olsy  in 
Odin  Bay  "very  closely  resemble  parts  of  the  Upper  Oolites  of 
Sutherland,''  and  two  other  blocks  are  probably  from  the  same 
locality.  Moreover,  he  adds  that  the  specimens  of  oolitic  limestone 
very  possibly  come  from  some  part  of  the  ^oondary  series  in 
Scotland. 

In  addition  to  theee,  we  observed,  in  the  Odin*Bay  section, 
large  blocks  of  a  remaifcable  look  whidh  seems  to  be  petrified  wood. 
It  has  a  cnrions  fibrons  stmcture  and  is  very  calcareous ;  indeed 

imder  the  micrnBon|>e  it  appoari^  to  mainly  made  up  of  crystals 
of  calcite,  tlionpli  oecasionuDv  there  are  portions  where  the  struc- 
ture is  still  retained.  Blocks  of  the  same  rock,  however,  occur  in 
the  Caithness  Boulder-clay,  which  show  traces  of  oi^anic  structure 
under  the  microscope.  On  dissolving  a  small  piece  of  tiie  rook  a 
large  residue  of  coaly  matter  was  obtained,  which  ignited  with  a 
strong  flame.  It  would  appear  that  this  rock  is  largely  burnt  for 
lime  in  Sntherlandshire,  where  it  is  washed  out  of  the  Oolitic 
shales. 

In  all  probability  roost  of  the  blocks  of  granite,  felstone, 
gneiss,  quartseite,  and  sohist  whieh  throughout  Orkney,  save 
tiiose  in  the  Stromness  district,  have  been  dented  from  the  north- 
east of  Scotland,  though  they  possess  no  special  charaoteristios 
whi(  h  might  enable  us  to  identify  them  witii  any  particular 
locality. 

Xow  it  ought  to  be  home  in  mind  that  chalk,  chalk-flints,  and 
yarious  rocks  of  Jurassic  age  are  found  in  the  Boulder-clay  of 
Caithness,  and  also  in  the  same  deposit  in  the  low  grounds  of  Banff- 
shire and  Aberdeenshire,  where  it  possesses  the  same  physical  chn- 
zaeters  as  in  Orkney,  and  likewise  contains  fragments  of  shells.  It 
spems  perfectly  reasonable  to  conclude,  therefore,  that  the  Boulder- 
clay  in  these  widely  sci)Hrated  localities  must  be  ascribed  to  a 
common  cause,  or,  in  other  words,  to  the  action  of  land>ice.  Indeed 
no  one  who  attentively  examines  the  sections  in  Orkney  would 
ascribe  them  to  the  action  of  icebergs  or  eoest-ioe.  We  have  already 
discussed  the  objections  to  the  marine  origin  of  the  Shetland  till, 
and  the  very  same  arguments  apply  with  equal  force  to  the  present 
case. 
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Moreover,  on  refemnp  to  tbe  ohartshowing  the  probable  path  of  the 
ice  in  the  North  Sea,  which  accompaniis  tliis  paper  (PI.  XXVII.),  it 
v\  ill  bo  seen  that  it  is  impossililo  to  esfapc  this  conclusion.  The  ice, 
which  radiated  from  the  north-east  of  Scotland,  not  only  tilled  the 
basin  of  the  Moray  Firth,  but  likewise  spread  over  thclow  grounds  of 
Banfhhire  and  Abierdeenalure.  The  researches  of  preyioos  investi- 
gators point  to  this  eondnsion ;  and  quite  recently,  during  the  pro- 
secution of  the  Geological  Survey  of  the  south  side  of  the  Moray 
Firth,  additional  facts  have  transpired  which  tend  to  confirm  it. 
Further,  in  the  neighbourhood  of  Dunl)eath,  on  the  Caithness  coast, 
the  striaj  gradually  swing  round  till  they  run  parallel  with  the 
shore,  eventually  bending  inland  till  they  point  towards  the  north- 
west, in  harmony  with  the  trend  of  the  iee-markings  in  Orkney. 
Clearly,  then,  tbe  ice  most  have  been  deflected  so  as  to  override  the 
low  grounds  of  Caithness,  as  pointed  out  long  ago  by  Dr.  CroU. 
Similarly  in  Forfarshire  and  Kincardineshire,  the  ice  which  moved 
off  the  sonth-ea.st  slopes  of  the  (Grampians,  on  reaching?  ilio  coast- 
line, was  bent  round  in  a  IS'.X.E.  direction,  as  indicated  on  the 
chart.  A  glanoe  at  the  chart  will  also  show  how  the  land-ice  was 
deflected  along  the  sonth-^ast  coast  of  Scotland,  as  described  by  our 
colleague  Dr.  James  Geikie,  F.BJ3.  Now  these  marked  deflections 
undoubtedly  point  to  some  opposing  force  which  was  capable  of 
overcoming  the  seaward  motion  of  the  Scotch  ice-sheet.  Had  it 
been  allowed  to  follow  its  natural  pathway  then  the  phenomena 
would  have  been  widely  different. 

The  results  of  our  investigations  in  Shetland  prove  that  the  Scan- 
dinavian mer  dt  glaee  not  only  invaded  the  North  Sea,  but  likewise 
oveilapped  that  group  of  islands  in  its  march  to  the  Atlantic  The 
presence  of  this  mass  in  the  bed  of  the  Oennan  Ocean  furnishes  a 
satisfactory  explanation  of  the  |)henoniena  aliove  referred  to  :  for  the 
two  ice-sheets  must  have  coalesced  on  the  sea-floor,  and  the  com- 
bined ice-field  would  naturally  take  the  path  of  least  resistance. 
In  other  words,  one  jiortion  would  flow  north-westwards  by  the 
Orkney  Islands,  while  the  southern  portion  would  flow  in  the  direc- 
tion of  the  Knglish  coast,  as  laid  down  on  the  chart.  In  all  pro- 
bability the  dividing  line  would  be  somewhere  opposite  the  basin  of 
the  Forth. 

We  can  quite  well  understand  therefore  how  the  Scoteh  ice-sheet, 
as  it  crept  outwards  along  the  bed  of  the  Moray  Firth  towards  the 
North  Sea,  must  have  pushed  along  the  marine  sheUs  and  sOt  which 

it  encountered  on  the  sea-floor.  Tlw  se  would  be  commingled  with 
the  ynoralne  2iriifo>i!f  vchnh  had  gathered  underneath  the  ice-sheet; 
and  the  shells  would  ultimately  bo  smoothed  and  striated  precisely 
like  the  stones  in  the  liottom  moraine.  Hence  the  occurrence  of  Scotch 
rocks  together  with  shell-lragraents  in  the  Orkney  JBouldor-clay  is 
what  we  would  naturally  expect;  and  in  the  light  of  the  foregoing 
reasoning  all  difliculty  as  to  the  explanation  of  the  phenomena  dis- 
appears. It  is  not  necessary  for  us  to  assign  the  precise  localities 
from  which  the  various  foreign  rocks  have  been  derived  ;  it  is  suffi- 
cient for  our  preseut  purpose  if  we  show,  as  has  been  done,  that 
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they  may  have  come  from  the  basin  of  the  Moray  Firth  or  the 
eastern  counties  of  k>cotland  lying  to  the  north  of  the  baain  of  the 
Forth.  The  presence  of  blocks  of  limestone  of  Caiciferous-Sandstone 
age  in  the  Odin-Bay  section  in  Stronsa  seems  to  indicate  that  a 
portion  of  the  ice  which  crossed  Fife  was  deflected  to  the  north ; 
and  even  if  the  Saville  boulder  shonld  prove  to  be  ol  Scandinavian 
origin,  its  position  in  the  north  of  the  group  is  quit^  in  keeping  with 
the  path  ■which  would  be  followed  by  the  Scandinavian  ice. 

It  is  a  significant  fact  that  nowhere  in  the  kShetland  Jioulder-clay 
did  we  find  a  vestige  of  the  Secondary  rocks  of  Scotland;  and 
though  the  evidence  is  merely  negative,  it  nevertheless  confirms 
the  foregoing  conclusions.  We  are  inclined  to  believe  also  that  the 
absence  of  marine  shells  in  the  same  deposit,  which  we  noted  in 
our  previous  jmper,  may  probably  indicate  that  a  portion  of  the 
present  sea-floor  round  Shetland  formed  dry  land  during  the  climax 
of  glacial  cold.  We  see,  therefore,  how  the  glacial  phenomena  of 
Orkney  fbrnish  a  striking  confirmation  of  the  views  advocated  by 
Dr.  Droll  more  than  ten  years  ago. 

Though  we  visited  nearly  all  the  islands  of  the  group  and  tra- 
versed the  greater  part  of  the  coast-lino,  we  found  no  trace  of  gravel 
kames  or  rniBcd  beaches  indicating  recent  changes  in  the  relative 
level  of  sea  and  land. 

BXPLANATI017  OF  THE  PLATES. 

Plate  XXVI. 
Qlaoial  Chart  of  the  Orkneys. 

Pl^Tl  XXVlL 

Chart  showing  the  probable  path  of  the  ioe  in  the  !Korth  Sea, 
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fragments  in,  'Ml. 

Alaria  Bcaugrundi,  22Si 

Ammonites  pectinatus,  '2'2ft. 

 pseudogigBS,  228. 

 iriplicalus,  228. 

Analyses  of  granite  and  inclusions 
from  Qready,  8;  from  Peterhead, 
13 ;  from  Ardshiels  quarrj',  Bal- 
lachulish,  15 ;  from  Newry,  H ; 
of  Atlantic  ooze,  B3 ;  of  Oravesond 
chalk,  S3;  of  grey  chalk  from 
Folkestone,  84j  of  white  chalk 
from  Shoreham,  M ;  of  a  new  mi- 
neral from  InTemejshire,  111 ; 
of  rock  from  Sharpley,  312 ;  of 
Suderoe  coal,  623- 

Angle«oy.  Mr.  C.  Callaway  on  the 
gneissic  and  gt-anitoid  rocks  of, 
Froc.  L 

•  ,  Prof.  Hughes  on  the  geology  of, 

237. 

Annelid  jaws,  Mr.  G.  J.  Hinde  on, 
from  the  Ludlow  and  Wenloc-k 
formations  of  the  West  of  England, 

m. 

Anniversary  Address  of  the  President, 
/Voc.  33-92.  See  also  Sorby,  IL  C, 
Esq. 

Annual  Report  for  1879,  Proc.  7. 
Anomodont  Heptile,  Prof.  Owen  on 
Q.  J.  G.  S.  No.  144. 


an,  from  the  Trias  of  Graaf  Reinet, 
8.  Africa,  414. 
Anstruther  and  Pittenweem  section 
in  the  Colciferous-SondHtone  ecrios, 

Anstruther  Wester.  520. 
Antedon  aquimarginata,  41L 

 incurve,  bl£L 

 laticirra, 

— —  Lundffreni, 

 paradoxa,  4Q. 

 perforata,  549. 

 prisca,  a4. 

 rotutula,  32. 

 rugosa,  4ii 

 striata,  6aL 

Antlers,  development  of,  in  the  deer, 

Arabellitea  anglicus,  375. 

 comutus,  .S74. 

 exfensM,  374. 

 obtusus,  315.  » 

similis,  37<k 


gpicatun,  374. 

Tar.  contractus,  375. 


 sulcntus,  37."). 

Ardiihiels  quarry,  inolu«ions  in  granite 

from,  14 ;  analysis  of,  15. 
Arenig  beds  of  the  Dee  valley,  2Ifi. 
Argillomis  longipennis,  Prof.  Owen  on 

the  skull  of,  23. 
Arroquhar,  quartz-sand  in  mica-schiflb 

of,  Pt  oc.  Si. 
Astarte  pdymorpha,  231: 

 Setmanni,  232. 

 rugosa,  23L 

2z 
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Atlantic  ooze,  analysis  of,  83. 
Arioula  reota,  5Sq. 

Bala-bcds  of  the  Dw  valley,  lower, 
278;  middle,  279j  upper,  280. 

Ballachulish,  inclusions  in  granite 
from  Ardahiels  quarry  at,  H; 
analysis  of, 

Bardon-kill  quarry,  34fi. 

Belgium,  Devonian  rooks  of,  2fi7. 

 ,  section  of  Devonian,  Old  Red 

Sandstone,  and  Carboniferous  for- 
mations in,  211. 

Bellerophon  costatus,  583. 

Ben  Slioch,  section  of  Hebridean 
snieiss  from  nenr  base  of,  JfL 

Bcranka,  colony  of,  ()10. 

Bessbrook,  granite  of,  18. 

Billow  Ness,  ^liL  508, 

Bimara,  concretiuu  in  slate  from, 
Proc.  go. 

Black-Hills  granite-quarries,  13,  14» 

Blake,  Bev.  J,  F.,  on  the  Portland 
rooks  of  England,  189. 

Blenoowe,  Rev.  G.,  on  certain  geolo- 
gical facts  witnessed  in  Natal  and 
the  border  countries  during  nineteen 
years'  residence,  42iS. 

Bohemia,  Mr.  J.  E.  Marr  on  the 
Predevonian  rocks  of,  ri91. 

Bonney,  Rev.  T.  G.,  on  the  vicinity  of 
the  upper  part  of  Loch  Maree, 

 ,  and  Rev.  R  Hill  on  the  Pre- 

earboniferous  rocks  of  Charnwood 
Forest,  im. 

Bose,  P.  N.,  Esq.,  on  fossil  Camivora 
from  the  Siv&lik  hills  in  the  col- 
lection of  tiie  British  Museum, 
119. 

Boulder-day  of  the  Orkneys,  fiM. 

 ,  Upper,  of  Cheshire*  and  South 

Shropshire,  178 ;  of  the  lower 
course  of  the  Severn,  180. 

Boulogne  and  Kimmeridge,  compa- 
rative sections  at,  1D7. 

Boulonnais.  Devonian  rocks  of,  268. 

Bowdon,  section  through,  291. 

Branik,  colony  of,  614. 

Brent  Tor,  sections  through  and  near, 
289.  290.  291.  202.  21>3. 

 volcano,  Mr.  F.  Rutley  on 

the  structure  of,  285. 

British  Museum,  Mr.  P.  N.  Bose  on 
tl>e  collection  of  fossil  Camivora 
from  the  Siv&lik  hills  in  the,  319. 

British  Upper-Silurian  Fenestellidie. 
Mr.  Q.  W.  Shrubsole  on  the, 
241. 

Brockenhurst  series,  fossils  of  the, 


Brod,  section  through,  594. 
Bruntcliffe,  oannel  coal  at,  58. 
Buchan  Ness,  granite  of,  14. 
Buckinghamshire,  Portlaud  rocks  of, 

Buxbum,  granite  from  Sclattie  quarry 
near,  IL 

Caiplie,  5QH 

Calcareous  series  of  Looh  Maree, 

100. 

Calciferous-Sandstone  series,  Mr.  J. 
W.  Kirkby  on  the  zones  of  marine 
foseils  in  the,  of  Fife,  559. 

Callaway,  C,  Esq.,  on  the  gneiatic 
and  pranitoid  rocks  of  Anglesey 
and  the  Malvern  hills,  Proc.  x. 

 ,    on    a    second  Precambrian 

group  in  the  Malvern  hills,  .5.3(^. 

Cambrian  beds,  Mr.  J.  E.  Marr  on  the, 
of  tlie  Dee  valley  and  of  the  Lake- 
district,  277. 

  rocks  of  Bohemia,  592;  com- 
pared with  those  of  Britain, 
SQL 

Cameron,  J.  M.,  Esq..  and  Jolly,  W., 
Esq.,  on  a  new  mineral  occurring 
in    the  rocks    of  Inveraesshire, 

109. 

Canis  curvipalatus,  134. 
 sp.,  135. 

Cannel  coal,  Mr.  J.  W.  Davis  on  fish- 
remains  in  the,  of  the  West  Riding 
of  Yorkshire,  fkl 

Carboniferous  and  Olrl  Rod  Sandstone 
of  the  south  of  IrcUud  and  North 
Devon,  2.^7. 

  conglomerate,  gold  in,  in  Nova 

Scotia,  ai3. 

  formations,  sections  of.  in  Ire- 
land, N.  Devon,  Herefordshire,  and 
Belgium,  274. 

Cardinml  calcarmm,  232. 

Carlinghow,  cannel  coal  at,  57. 

Carnivora,  Mr.  P.  N.  Bose  on  fossil, 
from  the  Sivalik  hills,  112. 

 ,  list  of  foeail,  from  the  Sivaliks, 

Carpenter,  P.  IL,  Esq.,  on  some  Go- 
matulse  from  British  Secondary 
rocks,  2St 

 ,  on  some  new  Cretaceous  Co- 

matulie,  549. 

Ctramopora  mfgastama,  .^i9. 

Cerithium  hifurcafum,  229. 

 HudUstoni,  221L 

Cerrigj  drudion,  section  in  the  neigh- 
bourhood of  the  rectory,  2S0. 

Ohalk  of  Gravesend,  analysis  of.  S3. 

 of  Shoreham,  analysis  of,  8tL 

Chalky  day,  ilfi. 
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Chsrnwood  Poreat,  Her.  E.  Hill  and 
Prof.  Bonney  on  the  Precarboni- 
ferous  rooks  of, 

■   ,   diagrnmrnutic  s^ion, 

Bhowinf;  the  probable  relation  of 
the  beds  in  the  northern  part  of, 
3iL 

CTheeeewring  quarries  near  Liskeard, 

granite  of,  8l 
Chelonian  reptile,  Prof.  IL  G.  Seeley 

on  Psephophonu  polygonm,  a  new 

type  of,  4<)6. 
Chcenire,  Upper  Boulder-clay  of,  llfi ; 

drift-deposilfl  of, 
Churlhanger,  section  through,  290. 
Clay,  chalky,  429. 

Cliorhizodon  orenhurgengis,  Mr.  W. 
H-TvrelvetreeB  on,  a  new  Theriodont 
reptile  from  the  Upper  Permian 
cupriferous  sandstone  of  Kargalinsk, 
near  Orenburg,  MO. 

Coal-meaaurea,  Mr.  J.  W.  Daris  on 
the  fish-remains  in  the  cannel  coal 
in  the  Middle,  of  the  West  Kiding 
of  Yorkshire,  50. 

Cobbold,  E.  S,,  Esq.,  on  the  strata  ex- 
posed in  laying  out  theOxford  sewage- 
farm  at  Sandford-on-Thnmes.  314. 

Colonies,  tiOa ;  of  Motol  and  Beranka, 
610;  Cotta,  61ii  D'Archiac.  Oil  ; 
on  the  road  to  Vohroda,  613 ,  at 
Tachlovice,  613;  of  Brnnik,  614  : 
at  Hodkovicek,  614^  Krejci,  614; 
Haidiuger,  616. 

 ,  rertical  section,  showing  the 

Buppoeed  relations  of  the,  (MIH. 

Comatuln*,  general  remarks  on  struo- 
ture  and  classification  of,  2iL 

-  -,  Mr.  P.  IL  Carpenter  on  Pome, 
from  the  British  Secondary  rocks, 

 ,  Mr.  P.  H.  Carpenter  on  some 

new  Cretaceous,  M\). 

 ,  morphology  of,  iu>b. 

Combe,  section  though,  '2SSL 
C'ompsacanthus  major,  li2. 

 trittngularis,  62. 

Concretion  in  slate  from  Bimam,  Pfoc. 

8o. 

Concretionary  patches,  Mr.  J.  A. 
Phillips  on,  contained  in  granite,  L 

Corbufa  salians,  23(L 

Correlation  of  drift-deposits  of  Eng- 
land, Mr.  Mackintosh  on,  17fl. 

Coventrj-,  drift-deposits  round,  183. 

Crag,  red  and  fiuTio-mariue,  4f>7. 

CraU.  567.  510. 

Cray  ford,  Mr.  F.  C.  J.  Spurrell  on  the 
discovery  of  the  place  where  Paheo- 
lithio  implements  were  made  at , 
544. 


Crayford,  sections  of  grarels  &c.  at, 

544.  iA7. 

Cretaceous  ComatulsB,  Mr.  P.  H.  Car- 
penter on  some  new,  M9. 

 flints.  Dr.  Wallich  on,  68. 

Cumnor  Hurst,  Mr.  J.  W.  Hulke  on 
Igvanodon  Pre^ttoickii  from  the 
Kitnmeridge  clay  of,  near  Oxford, 

m 

 ,  Prof.  J.  Prestwicb  on  tlie 

occurrence  of  a  new  species  of  Igua- 
nodon  at,  A'^). 

—  ,  section  at,  430. 

Cypricardia  bioosta,  5^ 

■  costtfera,  231. 

Cyprina  elongata,  232. 

— —  iviplirata,  232. 

 swtndotiensis,  232. 

D'Ar^thiao,  Colonic,  sections  across, 

at  Kepora,  612. 
Dartmoor,  Mr.  F.  Rutley  on  th« 

scliistoee  volcanic  rocks  of,  2SiL 
DaubrC-e,  Prof.  A.,  award  of  the  Wol- 

laston  Medal  to,  Proc.  i8. 
Davidson,  Thomas,  E«q.,  Address  to 

the  G^logical  Society  of  France  as 

Delegate    from    the  Geological 

Society,  Proc.  35. 
Davies,  T.,  Esq.,  award  of  the  Wol- 

laston  Donation  fund  to,  Proc. 

Davis,  J.  W.,  Esq.,  on  tlie  fish-remains 
found  in  the  cannel  coal  in  the 
Middle  Coal-measures  of  the  West 
Riding  of  Yorkshire,  with  the  de- 
scriptions of  some  new  species,  56. 

 on  the  genus  PUuracanthus,  in- 
cluding the  genera  OrihacaiUhu*^ 
Diploaus,  and  A'enacanthus,  32L 

Dawkins,  W.  Boyd,  Esq.,  on  the  clas- 
sification of  the  Tertiary  period  by 
means  of  the  mammalia,  379. 

Dee  valley,  Mr.  J.  £.  Marr  on  the 
Cambrian  and  Silurian  beds  of  the^ 
2IL 

Deer,  development  of  antlers  in,  39.5. 

Denbighshire  gnts  and  flag8  of  the 
Dee  valley,  2H3, 

Devizes,  Portland  rooks  near,  203. 

Devon,  North,  Prof.  Hull  on  the  eeo- 
logictd  relations  of  the  nx'ks  of,  ta 
those  of  the  south  of  Ireland,  255. 

Devonian,  &c.,  sections  of,  in  Ireland, 
N.  Devon,  Herefordsliire,  and  Bel- 
gium, 2IL 

 beds.  Middle  and  Lower,  262; 

absence  of,  in  Ireland,  264. 

Devonshire,  Devonian  and  Curbonife- 
rous  rocks  of,  25iL 

 ,  north,  section  of  Devonian,  Old 
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B«d  Sandstone,  and  Oarboniferous 

format  ions  in,  274. 
Diabase  of  Bohemia,  r)09. 
Diastoporida;,  Mr.  G.  R.  Vine  on  the 

family.  836. 
Dibfj  Mill,  section  from  Erusna  Hora 

to,  594. 
Diorite  of  Bohemia,  o'.'O. 
DiploduB,  Mr.  J.  W.  Daris  on,  32L 
Drift-depoMts,  correlation  of  the,  of 

the  north-west  of  England  with 

those  of  the  Midland  and  Eastern 

counties,  178. 
Ihice  quarrj,  inclusions  in  granite 

from,  12. 

East-Midland  counties,  drift-deposits 
of  the,  182. 

Eclogite  of  Bohemia,  fiiffl. 

England,  Mr.  S.  V.  Wood,  jun.,  on 
the  Newer  Pliocene  period  in,  457. 

 ,  Rev.  J.  F.  Blake  on  the  Port- 
land rocks  of,  189. 

English  granites,  enclosures  in,  5. 

Eocene  Mammalia,  .'3H2. 

Erratics  of  the  Orkneys,  r>.')9. 

Etheridge,  R.,  award  of  the  Murohison 
Medal  and  Fund  to.  Proc.  ag. 

Encamerofv*,  Mr.  J.  W.  Hulke  on  the 
vertebra;  of, 

Eunicites  chtromorphm,  371.  . 

 churtonensis,  371. 

 coronatiij*,  IfflL 

 curtus,  2I£L 

 major,  370. 

— —  unguicuhts,  371. 

 Tarians,  371. 

Europe,  Western,  table  of  the  Oligo- 

cone  strata  of,  107. 
Evans.  Dr.  J.,  award  of  tlie  Lyell 

Medal  to,  Proc.  jo. 

Faroe  Islands,  Mr.  A.  H.  Stokes  on  the 
coal  found  at  Siidenie,  ii2Q. 

Fault,  section  acrosx,  at  south  end  of- 
"  Colonic  d'Archiac,"  Repora,  ('>]2. 

Felis  sp.,  12". 

Felspar  cnetal  with  inclusions  from 

High  Sharpley.  213. 
Fenestella  antiqua,  2M> 

 infermfdia,  250. 

 liv^afa.  241L 

 Milleri,  l^iiL 

 pntula,  2il. 

  prisca.  iirL 

'       repularis,  247. 

 retrporata,  240. 

 reticulata.  24iL 

 ripidula,  248. 

Fenestfllida?.  Mr.  G.  W.  Slirubsole  on 
the  British  Upper  Silurian,  21L 


Fife,  Mr.  J.  W.  Kirkby  oh  tlie  sones 

of  marine  fossils  in  tlie  Calciferous 

sandstone  series  of,  5.'")9. 
Fish-remains,  Mr.  J.  W.  Davis  on 

the,  in  the  cannel  coal  of  the  West 

Riding  of  Yorkshire,  biL 
Flint  flake  from  Crayford,  {>4<L 
Flints,  Dr.  Wallicli  on  Cretaceous, 

Fluvio-marine  crag,  457. 

Foggen  Tor,  inclusions  in  granite  of, 

Folkestone  grey  chalk,  analysis  of,  84. 

Foreland  grits,  26.'). 

Foreet-bed,  Norfolk,  Mr.  E.  T.  Newton 
on  the  occurrence  of  the  Glutton  in 
the,  Proc.  og. 

Fossils  of  the  Brockenhurst  series, 
1£I3 ;  of  the  Hempstead  series,  157  ; 
marine,  of  the  brackish.water  bands 
of  Headon  hill  and  Hordwell  cliffs, 
159 ;  freshwater  and  terrestrial 
moUuscan,  of  the  Isle  of  Wight  Oii- 
gooene,  Ifil ;  of  the  Trigonia-beda 
near  Swindon,  209:  of  the  Portland 
sand,  Swindon,  212 ;  of  the  creamy 
limestones  of  Buckinghanibhire, 
21fi ;  of  the  rubbly  beds  of  Buck- 
inghamshire. 218 ;  of  the  Portland 
aeries  of  England,  22[i;  of  Moel 
Tryfan,  353 ;  marine,  of  the  calci- 
ferous sandstone  series  of  Fife, 
56U ;  table  of,  587. 

— — ,  marine,  zones  of,  in  the  calci- 
ferous-sandstone  series  of  Fife,  5.59. 

France,  Address  of  Mr.  Thomas 
Davidson  to  the  Geological  Society 
of,  Proc. 

Geologj'  of  tlie  Orkney  Islands,  r>49. 
Glacial  beds,  lower,  of  England,  4t^. 

 sand  and  gravel,  middle,  479. 

Glaoiation   of  the  Orkney  ]«>lands, 

Messrs.  Peach  and  Home  on  the,G48» 
 ,  effecta  of,  on  the  gold-leads  of 

Nova  Scotia,  312. 
Glen  Docherly,  section  of  mica-schist 

from  the  upjwr  part  of.  104. 
Glen  Lnggan,  syenite  of,  93 ;  sketch 

map  of  part  of,  2a. 
 ,  section  of  mictii'eous  schist 

from  the  newer  series,  lli2. 

 sections  in,  iML 

Glen  Nevis,  inclusion  in  granite  from, 

15. 

Glutton,  Mr.  E.  T.  Newton  on  the  oc- 
currence of  the,  in  the  Norfolk 
forest -bed,  Proc.  ^ 

GneisH,  Hebridean,  section  of,  from 
near  base  of  Ben  Slioch. 

 ,  newer,  of  Loch  Mnree,  100; 
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s^tions  of  the  micaoeoiu  schist 

of  the,  102j  IM. 
Oneisdic  and  granitoid  rocks  of  Angle- 
sey and  the  Malvern  hills,  Dr.  0. 

Callavi-a}'  on  the,  Proc.  Tl, 
Qold  in  carboniferous  conglomerate  in 

Nova  Scotia,  313. 
Gold-leads  of  Nova  Scotia,  Mr.  H»  S. 

Poole  on  the,  307. 
Ooragh  Wood,  inclusions  in  granite 

from,  18^ 
Gorgonia  a^similis,  247. 
Graaf  Reinet,  Prof,  Owen  on  an  Ano- 

modont  reptile  from  the  Triae  of, 

414. 

Granite,  Mr.  J.  A.  Phillips  on  concre- 
tionary patches  and  fragment*  of 
other  rocks  contained  in,  L 

 of  Bohemia,  598. 

Granitoid  and  gneiasic  rocks  of  An- 
glesey and  the  Malvern  hills,  Dr.  0. 
Callaway  on  the,  Proc.  z. 

Graptolitio  mudstones  of  the  Dee 
valley,  2aL 

Gravesend  chalk,  analysis  of,  83. 

Greadv,  enclosures  in  granite  of,  2  ; 
analvsis  of,  8l 

Grey  chalk  of  Folkestone,  analysis  of, 

Gross  Kuchel.  section  through,  615. 
Gulo  luscus,  Proc.  99. 
Guunislake,  granite  of,  g. 

Haidinger,  Colonic,  section  ncroe«,6lfi. 
Hampshire  basin.  Prof.  Judd  on  the 

Oligocene  strata  of  the,  IsiL 
 ,  comparative  vertical 

tions  of  the  Oligocene  strata  of  the 

170. 

Hardwick,  section  through,  290. 

Headon-hiU  cliff,  marine  fo6t<ilfl  of  the 
brackinh-water  bands  of,  1  .')9. 

Hebridean  gneiss  from  near  base  of 
Ben  Slioch,  section  of,  QL 

Hempstead  series,  fossils  of  the,  157. 

Herefordshire,  section  of  Devonian, 
Old  Red  Sandstone,  and  Carbonife- 
rous formations  in,  274. 

— —  Beacon,  rock  from,  .^38, 539. 

Hicks,  Henry,  Esq.,  on  the  Precam- 
brian  rocks  of  the  North-western 
and  Central  Highlands  of  Scotland, 

Proc.  KLL. 

High  Sharpley,  analysis  of  rock  from, 
342;  broken  quartz-crystal  with 
inclusions  &c.  from,  343 ;  felspar 
crystal  with  inclusions  from,  343. 

Hill,  Rev.  E.,  and  Prof.  T.  G.  Bonney 
on  the  Precarboniferous  rocks  of 
Cham  wood  Forest,  337. 

Hinde,  G.  J.,  Esq.,  on  annelid  jaws 


from  the  Wenlock  and  Ludlow  for* 
mations  of  the  west  of  England,  .•k>8. 

Historic  Mammalia,  402. 

Hlubos,  section  through,  594. 

Hodkovicek,  colony  at,  fil4 ;  section, 
fil5. 

Holobau,  section  by  bridge  enst  of,  fiOQ. 
Hordwell  cliff,  marine  fossils  of  the 

brackish-water  bands  of,  lo9. 
Home,  J.,  Esq.,  and  B.  N.  Peach, 

Esq.,  on  the    gladation  of  the 

Orkney  Islands,  QiB. 
Hudlice,  section  through,  594. 
Hughes,  T.  M'Kenny,  Esq.,  on  the 

geology  of  Anglesey,  23!L 
Hulke,  J.  W.,  Esq^  on  the  vertebne 

of  Ornithopsis=Evcamerofvti,  31. 
,  on  Iguanoden  Prettwickii  from 

the  Kimraeridge  Clay  of  Cumnor 

Hurst,  near  Oxford,  433. 
Hull,  Prof.  E.,  on  the  geological  re- 
lations of  the  rocks  in  the  south  of 

Ireland  to  those  of  North  Devon, 

&c.,  255. 
Hy<tna  felina,  130. 
  simlcnsia,  128. 

Ichthyosmtrus  Zetlandicut,  Prof. 
Seelev  on,  a  new  species  from  the 
Lias  of  Whitby,  635, 

Igneous  rocks  of  Loch  Maree,  105 ; 
of  the  Predevoniau  basin  of  Bo- 
hemia, 5SS. 

Iguanodon,  Prof.  J.  Prestwich  on  the 
occurrence  of  a  new  species  of,  at 
Cumnor  Hurst,  near  Oxford,  43<J. 

Iguanodon  Prestvnchii,  Mr.  J.  W. 
Hulke  on,  433. 

Implementa,  palaeolithic,  manufactory 
of,  at  Crayford,  544. 

Inclusions  in  granites,  different  kindi 
of, 

Invernesshire,  Messrs.  Jolly  and 
Cameron  on  a  new  mineraf  occur- 
ring in, 

Ireland,  Mr.  J.  Nolan  on  the  Old 
Red  Sandstone  of  the  north  of, 

 ,  Old  Red  Ssndstone  of,  257; 

absence  of  Middle  and  Lower 
Devonian  in,  264. 

— — ,  Prof.  Hull  on  the  geological 
relations  of  the  r«)ckB  of,  to  those 
of  North  Devon,  253. 

 ,  South,  sections  of  Devonian, 

Old  Red  Sandstone,  and  Carbo- 
niferous formations  in,  274. 

Irish  granites,  inclusions  in,  15, 

Isle  of  Wight,  comparative  vertical 
sections  of  the  Oligocene  strata  in 
the,  Iia 


Jeffreys,  J.  Gwjn,  Esq.,  on  the  oo- 
currenoe  of  marine  sbells  of  existing 
BDeciea  at  difflerent  heigh t«  above 
the  present  level  of  the  sea,  3&L 

Jinec,  Heciioa  from,  to  Milin,  ^Sii. 

Jolly,  W.,  Esq.,  and  Cameron,  J.  M., 
Esq.,  on  a  new  mneiral  occurring 
in  the  rocks  of  Invernesshire,  901. 

Judd,  Prof.,  on  the  Oligooene  strata 

.  of  the  Hampshire  basin,  187. 

Kargalinsk,  near  Orenburg,  in  South- 
eastern Russia,  Mr.  W.  H.  Twelve- 
trees  on  a  new  Theriodont  reptile 
from  the  Upper  Permian  cupri- 
ferous sandstones  of, 

Keigbley,  section  in  Marlej  sand-pit 
near,  IBfL 

Kemnay,  inclusions  in  granite  from, 
12. 

Kenilworth,    drift-deposiUi  round, 

m 

Kilworthy,  section  through,  200. 
Kimmeridge,  Portland  rocks  of,  lt>3. 
  and    Boulogne,  oomparatire 

sections  at,  107. 
  Clay,  Prof.  J.  Prestwich  on  the 

ooourrenoe  of  a  new  species  of  Igua- 

nodon  in  the,  at  Cumnor  Hurst, 

near  Oxford.  43tL 
 .   Mr.  J.  W.  Hulke  on 

Jmmnodon  Prtttunchii  from  the,  of 

Cumnor  Hurst,  4;t.S. 
Kineton,  Prof.  Sceley  on  an  Ornitho- 

saurian  from  the  Stonesfield  slate  of, 

2L 

Kingsbams  harbour,  570. 

Kintore,  inclusions  in  granite  from 

Kern  nay,  near,  12. 
Kirkby,  iL  W.,  Esq.,  on  the  zones  of 

marine  fossils  in  the  Calciferous 

Sandstone  series  of  Fife, 
Krejoi,  Colonie,  section  across,  filii.^ 
Krusna  Hora,  section  from  Dibry 

MiU  to, 

Lacuna  antiqua,  5&L 
Lake-district,  Mr.  J.  E.  Mafr  on  the 
Cambrian  and  Silurian  beds  of  the, 

Lamoma,  enclosures  in  granite  of,  [l 
Leamington,   drift-deposits  round, 
;  section  at  Lillington  near, 

m 

Leda  sp.,  233. 

Leicestershire,  drift-deposits  of,  184. 

Lias  of  Whitby,  Prof.  Seeley  on  Telco- 
saurtu  eucephalus,  a  new  species 
from  the,  Q2I ;  Prof.  Seeley  on 
Ichihyosaurus  Zetlandicvs,  a  new 
species  from  the,  (iSo. 


Lilleshall  hill,  rock  frotn,  539. 
Lillington,  near  L/eamtngtou,  section 

a^  1B3. 
Liraabifurcata,  234. 
Liskeard,  slate  from,  73;  granite  of 

Cheesewring  quarries  near,  8. 
Littlemore,  sections  in  railway-cutting 

near,  815,  317. 
Littonary   Down,  section  from,  lo 

Tavistock,  290. 
Littorina  biiineata,  584. 

 8COt/)burdigalen.si8,  584. 

Llanberis,  slate  from,  73. 

Loch  Maree,  Rev.  T.  G.  Bonney  on 

the  vicinity  of  the  upper  part  of, 

Loch  Goyle,  mica-schist  of,  Proc.  83. 
Lower  glacial  beds  of  England,  4r>3. 
Lower   Chillaton,  section  through, 
220. 

Ludlow  formation,  Mr.  G.  J.  Hinde 

on  annelid  jaws  from  the,  368. 
Lumbriconereitea  ba-salis,  376. 
Lutra  palieindica,  133. 
Luxulyan,  enclosures  in  granite  of 

Gready,  near,  L 
Lyell  Geological  Fund,  award  of 

the,  to  Prof.  F.  Quenstedt.  Proc.  71, 
—  Medal,  award  of  the,  to  Jouu 

Evans,  Esq.,  Proc.  30. 

Mackarodtts  palmndicus,  125. 

Mackintosh,  D.,  Esq.,  on  the  corre- 
lation of  the  drift-deposits  of  the 
North-west  of  England  with  those  of 
the  liidland  and  Eastern  Counties, 
178. 

Macrocheilus  striatulus,  584. 

Mallet,  R.,  Esq.,  on  tiie  probable  tem- 
perature of  the  primordial  ocean 
of  our  globe,  112. 

Malvern  Hills,  Mr.  C.  Callaway  on 
the  gnel^sic  and  granitoid  rocks  of 
Uie,  Proc.  I. 

   ,  Mr.  C.  Callaway  on  a 

second  Precambrian  group  in  the, 
6311. 

■   ,  dispersion  of  angular 

debris  from  tlie,  180. 

Malvernian  series,  Proc.  a. 

Mammalia,  Eocene,  of  Britain  and 
France,  382  ;  Miocene,  38ii ;  Lower 
M  iocen«,  of  France,  38<^;  Mid- 
Miocene,  of  France,  387 :  Upper 
Miocene,  332  ;  Lower  Pliocene,  of 
France,  3iU  ;  Upper  Pliocene,  of 
France  and  Italy,  ;  Pleistocene, 
3i)a ;  early  Plei.^tocene,  of  Britain, 
395 ;  Mid-Pleistocene,  of  Britain, 
397  ;  late  Pleistocene,  of  Britain, 
2198:  Prehistoric,  of  Britain  and 
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Ireland,   400  ;   Historic,  of  the 

British  Isles, 
Mammalia  from  QuateniArj  beds  at 

Keading.  3iXL 
 ,  Mr.  W.  Boyd  Dawkint  on  the 

olassiflcation  of  the  Tertiary  period 

by  means  of  the,  379. 
Mammalian  remains  in  Quaternary 

sands  at  Beading,  Mr.  Poulton,  on. 

Map  of  part  of  Qlen  Laggan,  Qh ;  of 

Siideroe,  g2L 
Marine  shells,  Mr.  J.  Gwyn  Jeffreys 
on  the  occurrence  of,  above  the  pre- 
sent level  of  the  sea,  351. 
Marley  sand-pita,  near  Keighlej,  sec- 
tion in,  lSti± 

Marr,  J.  E.,  Esq.,  on  the  Cambrian 
and  Silurian  beds  of  the  Dee  valley, 
as  compared  with  those  of  the  Lake 
district,  277. 

•  ,  on  the  Prederonian  rocks  of 

Bohemia,  5$iL 

Mary  Tavy,  section  through,  290. 

May-hill  group  in  the  Dee  valley,28l. 

Meather,  section  through,  21i0. 

Metamorphic  rocks,  Proc.  8i. 

Mica-schist,  section  of,  from  the 
upper  part  of  Glen  Docherty,  104. 

Mica-trap  of  Bohemia,  51)8. 

Microscopes,  purchase  of,  Jhvc.  24- 

Middle  Glacial  sand  and  gravel,  i^g. 

Milin,  section  from  Jinec  to,  594. 

Milton  Abbot,  section  through,  289. 

Mineral,  Messrs.  Jolly  and  Cameron 
on  a  new,  occurring  in  Inremess- 
shire,  109. 

Mining-operations  in  the  gold^leads  of 
Nova  Scotia,  309. 

Miocene  Mammalia,  885. 

Moel  Tryfan,  fossils  of,  353. 

Mollusca,  freshwater  and  terrestrial, 
of  the  Isle  of  Wight,  UiL 

Monkstone,  section  through,  290. 

Moor  quarry,  inclusions  in  granite 
from,  iiL 

Moraines  of  the  Orkneys,  ft.">8. 

Motol,  colony  of,  fiU) ;  section  acroM 
colony  at,  tiKL 

Moume  granite,  inclusions  in,  IS± 

Mudstones,  graptolitic,  of  the  Dee 
vallej,  281. 

Murchison  Medal  and  Fund,  award  of 
the,  to  Robert  Etheridge,  Esq.,  Proc. 

Bfvaiina  modioli  formis,  58iL 
Myoconcha  porflandica,  231. 

19atal,  Bev.  G.  Blencowe  on  geolo- 
gical facta  witnessed  in,  426. 
Natica  ceres,  229. 


Natica  inciaa,  220^ 

Nautilus  planotergatiis,  5SSL 

yfreidavns  anfif/uwt,  377. 

New  Forest,  vertical  section  of  Oligo- 
ceae  strata  in  the,  170. 

Newer  gneiss  of  Loch  Maree,  IQQ. 

  Pliocene  period   in  England, 

Mr.  S.  V.  Wood,  jun.,  on  the,  457. 

Newry,  inclusions  in  granite  from,  lii ; 
analyses  of,  17. 

Newton,  E.  T.,  Esq.,  on  the  occur- 
rence of  the  Glutton  in  the  forest- 
bed  of  Norfolk,  Proc.  ^o. 

Nolan,  Joseph,  Esq.,  on^e  Old  Red 
Sandstone  of  the  North  of  Ireland, 

rum. 

Norfolk,  Mr.  E.  T.  Newton  on  the 
occurrence  of  the  Glutton  in  the 
foreat-bed  of,  Proc.  ^ 

North  Devon,  geologioAl  relations  of 
the  rocks  of,  to  tho.se  of  the  south 
of  Ireland,  Prof.  Hull  on,  255. 

Nova  Scotia,  Mr.  H.  S.  Poole  on  the 
gold-leads  of,  307. 

Nuneaton,  drift-deposits  round,  183. 

Nun's  Well,  St.  Davids,  rock  from,  522. 

Ocean,  primordial,  Mr.  R.  Mallet  on 

the  temperature  of  the,  112. 
(Eiumite^  aspersiu,  373. 

 cimeatus,  372. 

 ,  var.  humilu,  872. 

 imrqualis,  373. 

 insignificant,  323. 

 naviformis,  372. 

 praacuius,  373. 

 reffularis,  372. 

 •tuhulafm,  373. 

Old  Red  Sandstone  and  Carboniferous 

of  the  South  of  Ireland  and  North 

Devon,  25L 
 ,  Ac.,  sections  of,  in 

Ireland,  N.  Devon,  Herefordshire, 

and  Belgium,  274. 
      of  the  North  of 

Ireland,  Mr.  J.  Nolan  on  the,  (j22. 
Oligocene  strata,  Prof.  Judd  on  the, 

of  Hampshire,  137. 
 of  Western  Europe,  table 

of  the.  IfiL 
 of  the  Hampshire  basin, 

comparative  vertical  sections  of  the, 

170. 

Ooie,  Atlsntic,  analynis  of,  83. 

Orenburg,  Mr.  W.  IL  Twelvetrecs  on 
a  new  Theriodont  reptile  from  the 
Upper  Permian  cupriferous  sand- 
stones of  Kargalinsk,  near,  .540. 

Orkney  Islands,  Messrs.  Peach  «nd 
Home  on  the  glaciation  of  the.  B48. 

 ,  geological  structure  of  the. 
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6^;  Boulder-olaj  of,  654;  mo- 
raines of,  658 ;  erratics  of,  Safi. 

Omithonnn^  Mr.  J.  W.  Hulke  on  the 
rertebne  of,  3L 

Ortbacanthus,  Mr.  J.  W.  Daris  on, 
a2L 

Orthoceraa  oylindraceum,  583. 

Ostracacanthm  dUatatus,  ^ 

Oxford.  Mr.  J.W.  Hulke  on  Iguanodon 
Prcstwichii  from  the  Kimiueridge 
Clay  of  Cumnor  Hurst,  near,  433. 

 ,  Prof.  J.  Pre«twich  on  the  oc- 
cur renc©  of  a  new  species  of  Igu- 
anodon  in  the  Kimmeridge  Clay  at 
Cumnor  Hurst,  near,  4,'U). 

 sewage-farm,  Mr.  E.  8.  Cobbold 

on  the  strata  exposed  in  laying  out 
the,  314. 

Oxfordshire,  Portland  rocks  of,  213. 
Owen,  Prof.,  on  the  skull  of  Argil- 

lomis  longipennis,  23. 
•  ,  on  parts  of  the  skeleton  of  an 

Anomoaont  reptile  {PlalypodoMU' 

rut  robiufus)  from  the  Trias  of  Graaf 

Beinet,  S.  Africa,  Mi. 

Palaeolithic  implements,  manufactory 
of,  at  Oravford,  Ml. 

Peach,  B.  Esq.,  and  J.  Home,  Esq., 
on  the  glaciation  of  the  Orkney 
Islands,  ft48. 

Pecten  Morini,  234. 

Peldar-Tor  district,  34L 

Penryn,  enclosures  in  granite  of,  7. 

Permian  cupriferous  sandstones,  up- 
per, Mr.  NV.  H.  Twelvelrees  on  a 
new  Theriodont  reptile  fro.ii  the, 
of  Kargalinsk,  near  Orenburg.  540. 

Peterhead,  inclusions  in  granite  from, 
M. 

Phillips.  .T.  A.,  Esq.,  on  concretionary 
pnlclics  and  i'raginents  of  other  rocks 
contained  in  granite,  L 

Pittenweem  and  Anstruther  section 
in  the  calciferous  sandstone  series, 

 ,  sections  of  calciferous  sand- 
stone strata,  near,  568.  571. 

Plafypodomurus  rohustxis,  Prof.  Owen 
on,  from  the  Trias  of  Graaf  Beinet, 
S.  Africa,  114. 

Pleistocene  and  Pliocene  periods, 
magnitude  of  the  break  between 
the,  m 

 Mammalia,  395. 

Pleuracanthtis,  Mr.  J.W.  Daris  on, 321. 

 alattts,  329. 

 (diernidtniatvs,  328. 

 culindricius,  331. 

 denticulafus,  334. 

«  erectm,  32lL 


PUuracanthm  Uevissimm,  325. 

 planus,  329. 

 pulcheUus,  327. 

—  robusfuSf  2i3LL 

 tmuu,  327. 

 Wardi,  334. 

Pleurophorus  elegans,  .586. 
Plicatula  echinoideg,  233. 
Pliocene    and    Pleistocene  periods, 
magnitude  of  the  break  between 

the.  m 

 Mammalia,  .301. 

  period,  newer,  in  England,  Mr. 

8.  V.  Wood,  jun.,  on  the,  4.57. 
Poole,  IL  8,,  Esq.,  on  the  gold-leads 

of  Nova  Scotia,  307. 
Porphyrite  of  Bohemia,  .^)09. 
Portland,  Isle  of,  Portland  rocks  of, 

lai 

•         rocks.  Bey.  J,  F.  Blake  on 

the.  of  England,  189. 
Portlethon,  mica-schists  of,  Proc.  oo. 
Poulton,  E.  B.,  Esq.,  on  mammalian 

remains  and  tree-trunks  in  Quater- 

nary  pands  at  Beading,  226. 
Precambrian  group,  Mr.  C.  Callaway 

on  a  sooono,  in  the  Malrem  HiUs, 

536. 

  rocks  of   the  North-western 

and  Central  Highlands  of  Scotland, 
Dr.  Hicks  on  the,  Proc.  loi. 

 of  Bohemia,  522;  compared 

with  those  of  Britain.  601. 
Precarboniferous  rocks,  Bev.  E.  Hill 
and  Prof.  Bonney  on  the,  of  Cham- 
wood  Forest,  337. 

Prederonian  rocks  of  Bohemia,  Mr. 
J.  E.  Marr  on  the,  591. 

Prehistoric  Mammalia,  4(X). 

Prestwich,  Prof.  J.,  on  the  occurrence 
of  a  new  species  of  Ipuanodon  in  a 
brick-pit  of  the  Kinmuritlge  Clay 
at  Cumnor  Hurst,  three  milea 
W.S.W.  of  Oxford,  43a 

Pfibmm,  section  through,  594, 

Primordial  ocean,  Mr.  B.  Mallet  on 
the  temperature  of  the,  112. 

Protospongia,  Mr.  J.  W.  SoUas  on  the 
genus,  ilMi2. 

Profmpongia  fenestrata,  .363. 

Pstphitphorus  ■polygonui.  Prof.  Hx  G. 
Seeley  on,  406. 

Pumice,  fragments  of,  filled  with  a 
green  mineral,  Proc.  Sq, 

Purbeok  and  Portland  rocks  at  Swin- 
don, sections  of,  2Q5. 

Purple-olay  of  Yorkshire,  .507. 

Pifcnodm  pagoda,  22d. 

Quartz,  deposition  of,  on  sand-grains, 

Proc.  tx. 
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Quartr-crj'stal,  with  inclusions  Ac, 
from  High  Sharplcy,  323. 

Quartz-feleite  of  Bohemia,  ftflS- 

Quartzite  of  Loch  Maree,  9iL 

Quaternary  .xands,  Mr.  E.  B.  Poulton 
on  mammalian  remains  and  tree- 
trunks  in,  at  Reading,  '2iH\. 

Quenstedt,  Prof.  F.,  award  of  the 
Lyell  Geological  Fund  to,  I*roc.  32. 

Quether,  section  through,  220. 

Qvalboe  mines,  Siideroe,  ti2U. 

Ham's  Down,  section  across,  2SiL 

Bandenttone  section  in  the  calciferous 
sandstone  series,  .^72. 

 ,  section  near,  575. 

Ratchet-hill  district,  ML 

Reading,  Mr.  S.  B.  Poulton  on  mam- 
malian remains  and  tree-truuks  at, 

 ,  sections  of  Tertiary  and  Quater- 
nary deposits  near,  207.  3(X'i,  3Ua. 
^ed  crag,  457. 

Repora,    sections   across  "Colonie 

d'Archiac  "  at,  012. 
Reptile,  Anomodont,  Prof.  Owen  on 

an,  from  the  Trias  of  Graaf  Beinet,' 

8.  Africa,  ILL 
 ,  chelonian.  Prof.  H.  G.  Seeley 

on  Psrpkophorus  polyffonus,  a  new 

type  of,  4Ufi. 
 ,  Mr.  W.        Twelvetrees  on  a 

new  Theriodont,  from  the  Upper 

Permian    cupriferous  sandstones 

of    Kargalinsk,    near  Orenburg, 

540. 

Retepora  infundibulum,  2-4 fi. 

Rhamphocej>halu»  Prestwichi,  from  the 
Stonesfield  slate  of  Kineton,  Prof. 
Seeley  on,  27. 

RhynchoneUa  portlandica,  22tL 

Rinsoa  acuticarina,  230, 

Rock  and  Spindle,  near  St.  Andrews, 
fossils  from  limestone  near,  5(i.3 ; 
section  of  Myalina-bed  and  coal 
near,  573. 

Rock-fragiTients  contained  in  granite, 
Mr.  J.  riiillips  on,  L 

Rocks,  Portland,  Rev.  J.  F.  Blake  on 
the,  of  England,  l^y. 

 ,  Precarlwniferous,  Rev.  E.  Hill 

and  Prof.  Bonney  on  the,  of  Cham- 
wooil  Forest,  .'i'^f. 

Rubislaw  quarr>',  inclusion  in  granite 
from,  1_L 

Rutlandshire,  drifl-deposits  of,  184. 

Rutlcj',  F.,  Esq.,  on  the  schisto**  vol- 
canic rocks  occurring  on  the  west 
of  Dartmoor,  with  some  notes  on 
the  structure  of  the  Brent-Tor  vol- 
cano, 2?^  5. 

Q.J.G.S.  No.m. 


St.  Alban's  Head,  Portland  rocks  of, 

m 

St  Austell,  enclosures  in  granite  of,  7. 

St-  Davids,  rock  from  Nun's  well,  iiSS. 

Sandfonl-on-Thames,  Mr.  E.  S.  Oob- 
buld  on  the  strata  exposed  in  laying 
out  the  Oxford  sewage-farm  at,  314. 

 ,  sections  in  and  near  sewage-farm 

at,  315,  aiL 

Sand-grains,  deposition  of  quartz  on, 
IVor.  fii, 

Sanguinolites  abdensis,  586. 

 Bubplicatus,  .^)80. 

Schist,  micaceous,  section  of,  from  the 
newer  series.  Glen  Laggan,  102. 

Schistose  rocks,  Mr.  F.  Butley  on  the, 
of  Dartmoor,  285. 

Sclattie  quarry,  near  Buxbum,  en- 
closures in  granite  from,  IL 

Scotch  granites,  inclusions  in,  10. 

Scotland,  Devonian  beds  of,  270. 

 ,  Dr.  Hicks  on  tlie  Precambrian 

rocks  of  the  North-western  and  Cen- 
tral Highlands  of,  Proc.  iql. 

Secondary  rocks,  Mr.  P.  IL  Carpenter 
on  some  Comatulte  from  the  British, 
3(L 

Section.s  in  Glen  Laggan,  9Q;  vertical, 
of  the  Oligocene  strata  of  the  Hamp- 
shire basin,  170  ;  near  the  Shrews- 
bury  Welsh  Bridge.  179;  at  Lil- 
lington,  near  Ijeamingtou,  183 ;  in 
Marley  sand-pit,  near  Keighley, 
IM;  at  Kimnieridge  and  Boulogne, 
107 ;  of  Purbock  and  Portland 
rocks  at  Swindon,  205;  of  Devo- 
nian, Old  Re<l  Sand.««tone,  and  Car- 
boniferous formations  in  Ireland, 
N.  Devon,  Herefordshire,  and  Bel- 
gium, 274 ;  in  the  neighbourhood 
of  the  rectory,  Cerrigjdrudion, 
280:  across  Ram's  Down,  280; 
from  Littonary  Down  to  Tavistock, 
'2\)0 ;  touching  the  southern  etlge  of 
Brent  Tor,  2ikJ ;  east  of  Brent  Tor, 
2111 ;  nearly  N.  and  8.  through 
Brent  Tor,  2112 ;  of  Brent  Tor  re- 
stored, 202;  illustrating  tlie  possible 
relation  of  the  Brent- Tor  volcanio 
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